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The consumption of packaged drinking water in bottles and sachets has
grown rapidly worldwide, particularly in arid and low and lower middle income
countries ("LMICs"). This expansion has been particularly marked in many
countries that lack the infrastructure to effectively monitor and regulate the
manufacture and distribution of packaged drinking water products. In most
cases, the legal framework is outdated and incomplete and there are gaps in
institutional responsibilities among the various governmental actors regulating
the sector. This lack of regulatory oversight has engendered governmental and
public concern about the water quality ofpackaged water products sold in these
countries and the health impacts for consumers ofpackaged water. The benefit
ofaccessible low-cost water must be balanced against the stress on the municipal
water systems providing the water for the packaging industry, the questionable
quality of the water, and the environmental effects of the disposable plastic pack-
ages.
After selecting Sierra Leone as a locus of in vestigation, the United Kingdom
Department for International Development ("DFID") funded a project to sup-
port the Government of Sierra Leone to study the phenomenon of packaged
water and improve the regulation and quality of packaged water products sold
in Sierra Leone. The project was jointly implemented by FOCUS 1000, a Si-
erra Leonean non-governmental organization ("NGO") and The Water Insti-
tute at the University of North Carolina at Chapel Hill ("UNC"). International
legal expertJessica Vapnek and international technical expert Ashley Williams
were part of the advisory team, working in partnership with Sierra Leonean
counteiparts. This article arises from work carried out in Sierra Leone in 2013
and 2014, including the preparation ofdraftregulations to regulate the packaged
water industry.
In Sierra Leone, as in most LMICs, packaged water is regulated by a patch-
work of legislation and institutions covering different subject areas, including
public health, environmental protection, water resources, and trade. In most
countries, legal provisions have not been elaborated with packaged water in
mind, creating inconsistencies, overlaps, and gaps in the system for inspection
and control of the packaged water industry. In addition, in most countries,
more than one institution may consider itself the lead ministry or agency to
regulate packaged water (e.g., Ministry ofHealth, Ministry of Water Resources),
which generates confusion, duplicative inspection regimes, or regulatory gaps.
This can make the task of proposing revisions to the regulatory regime for pack-
aged water a difficult one.
In preparing for the implementation of the project in Sierra Leone, the
authors noted the absence of comprehensive guidance on regulation of pack-
aged water. This article is intended to fill that gap, providing an overview of the
packaged water industry and discussing the issues arising in its regulation. The
hope is that this article will prove useful to government policy makers, NGOs,
and researchers in countries concerned about the explosive growth and lack of
effective regulation of the packaged water industry.
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I. INTRODUCTION
As the middle class has expanded in many African countries and aging mu-
nicipal water systems are not well maintained, sales of packaged water have bal-
looned.' Business is booming, with new companies being established regularly
and production and markets expanding into new areas. The Demographic and
Health Survey in Ghana, for example, documented an increase in the percent-
age of households using sachet water as their primary drinking water source
from 8% in 2008 to 29% in 2014.' Less data is available on the number of
packaged water manufacturers in other countries, although in Sierra Leone it is
estimated that as of 2013 there were approximately 120 companies with distri-
bution outlets covering the entire country.
Although packaged water is now a significant source of drinking water' for
many fanilies and individuals throughout the continent, there are many poten-
tial public health challenges associated with the packaged water industry. The
most alarming challenge is that the industry is not appropriately regulated and
monitored to ensure adherence to standards and requirements for quality, hy-
giene, packaging, and labeling. In most countries, there is an inadequate legis-
lative framework, which means products on the market have variable quality.
Even in countries where standards exist, there is often an insufficient legal basis
for monitoring and enforcement. Unclear institutional responsibilities among
the various implicated government ministries, departments, and agencies
("MDAs") also undermine the government's ability to enforce any laws or reg-
ulations regarding production, certification, and compliance monitoring of
packaged water. Most of the MDAs have limited human resource and logistical
capacity to perform their expected roles, further aggravating the problem.
Another challenge is that the volume of water 'consumed' by the producers
puts a strain on piped water supplies and other water sources. This is often
further exacerbated and enabled by low tariffs paid for the use of the 'raw' water.
Also worrisome are the poor hygienic practices used during the production,
storage, and distribution processes which create a potential for contamination.
This is compounded by popular beliefs that packaged water is 'pure'-even
when studies have found packaged water to be contaminated' and often not
3. Africa Packaged Water Growth Outstrips Europe and US, PROGRESSIVE DIGITAL
MEDIA PACKAGING NEWS (Feb. 2014), available at http://www.packagingtoday.co.uk/news/news-
canadean-africa-packaged-water-growth-outstrips-europe-and-us-4178479.
4. Ghana Statistical Service, Demographic and Health Survey - Ghana (2014).
.5. Authors' conversation with Mohamed F. Jalloh, July 2013.
6. The term 'drinking water' is often used interchangeably to describe water used for con-
sumption as well as for domestic purposes such as cooking, cleaning, laundry, and bathing. How-
ever, as packaged water is usually produced in quantities of 20 liters or less, it is usually only used
for consumption. Therefore, to avoid confusion, throughout this article we use the term 'water
for consumption' rather than simply 'drinking water.'
7. Michael B. Fisher, Ashley R. Williams, Mohained F.Jalloh, George Saquee, Robert E.S.
Bain & Jamie K. Bartram, Microbiologicad and Chemical Quality ofPackaged Sachet Water and
Household Stored Drinking Water in Freetown, Sierra Leone (2015), available at http://jour-
nals.plos.org/plosone/article?id-10.1371/journal.pone.0131772.
8. A. Christopher Dada, Sachet water phenomenon in Nigeria: Assessment of the potential
health impacts. Afr. J. Microbiol. Res 3:1, 15-21 (2009).
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certified by any governmental authority. It is concerning that the water is per-
ceived as safe for baby feeding purposes, despite its questionable quality.! Fi-
nally, the plastic sachets and bottles are single-use disposable commodities, and
indiscriminate littering is widespread, contributing to a major waste problem as
there is currently limited reuse and recycling of the used water packages in most
countries. In light of these challenges, there is a need for comprehensive guid-
ance for governments seeking to develop regulations or improve existing regu-
latory and institutional frameworks for the packaged water industry.
Through examining the context of several African countries and their reg-
ulatory experiences, we have sought to outline the complexities of regulating the
packaged water industry and highlight issues for policy makers. We cover over-
all considerations in regulating packaged water and provide specific institutional
and legislative recommendations. The purposes of this article are twofold: to
paint a picture of the issues surrounding regulation of the packaged water in-
dustry, and to provide governments seeking to review, update, or design a sys-
tem for the regulation of packaged water with up-to-date guidance. Although
each country and context will vary, the information set out here provides the
common threads that should be considered in developing an effective regula-
tory framework for packaged water.
This article consists of five parts. After a brief introduction, the second part
outlines the context for the regulation of packaged water, including a short over-
view of the industry and packaged water products, a brief literature review, and
some observations on the benefits of regulating packaged water. The third part
identifies and discusses the many issues to be considered in designing an effec-
tive institutional and legislative framework to regulate packaged water. The
fourth part focuses on general considerations inherent in making legislative
change, while the fifth part offers a brief conclusion.
II. CONTEXT FOR REGULATION OF PACKAGED WATER
2.1. BACKGROUND
In early 2012, the World Health Organization ("WHO") and the United
Nations Children's Fund ("UNICEF") announced the achievement of goal 7c
of the Millennium Development Goals ("MDGs"), which aimed to reduce the
number of people without access to safe water supplies.o Although the news
demonstrates the progress achieved in the water, sanitation, and hygiene sector,
more recent reports from WHO and UNICEF underscore the vast disparities
in access to drinking water among regions. Of the nine geographic regions, sub-
Saharan Africa and Oceania have the lowest overall national coverage, and the
former saw only a 19' increase in the number of households with piped on-
9. Moharned F.Jalloh, Mohammad B.Jalloh, Ashley R. Williams, Paul Sengeh &Jamie K.
Bartram, Consumer perceptions and purchasing of packaged water products: A Health Belief
Model analysis in Sierra Leone (draft).
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premises supplies in the twenty-five years between 1990 and 2015." In 2015,
only 16% of the population in sub-Saharan Africa had piped water on-plot."
Even for households that have access to piped supplies, there are growing re-
ports of intermittent service and questionable water quality in existing municipal
supplies, leading households to resort to alternative sources."
The decrease in piped water on-plot for households in urban areas could
be due to the severe problems associated with service delivery. Previous studies
have reported issues of reliability of municipal piped systems in sub-Saharan
Africa." As a result of the lack of accessible and reliable municipal piped sup-
plies and overall lack of coverage by municipal suppliers, the role of water ven-
dors and packaged water has expanded rapidly to fill the gap.'5 The use of
packaged water has gained momentum for other reasons, including a mobile
urban middle class population. Packaged water has become a more appealing
source of water for consumption due to its availability and the fact that it is per-
ceived to be of higher quality than the water intermittently provided by munici-
pal suppliers.
In most African countries, sale of water for consumption was initially car-
ried out by women, through small-scale home-based production known as 'tying
cold water,' undertaken by housewives as part of their small trading and other
income-generating activities to support their families. The production and dis-
tribution process was basic: transparent plastic bags were filled with water from.
the tap, tied at the top, and cooled in freezers. The sachets were then sold in
the community, usually by migrant children from rural areas. Production and
sale were unregulated by the authorities, as is the case with most informal sector
activities in Africa.
With rapid increases in urban populations and concomitant deterioration
in the service and quality of municipal piped water, demand increased expo-
nentially for conveniently packaged, accessible, and affordable water for con-
sumption. As a result, larger packaged water enterprises emerged, and there
has been a substantial increase in local private sector production and sale of
packaged water, both in sachets and bottles. Through attractive packaging and
slogans, these producers have been able to persuade the public that their water
is better than the water produced by the backyard women producers. However,
no regulatory body generally verifies such claims. In Sierra Leone, for example,
except for municipal water company officials who occasionally visit these enter-
prises to ensure that the water producers are paying commercial rather than
domestic rates for their water supply, there is usually no official oversight and
11. WHO & UNICEF, PROGRESS ON SANITATION AND DRINKING-WATER: 2015 UPDATE
(2015).
12. Id.
13. Marianne Kiellen, Complementaiy Water Systems in Dar es Salaam, Tanzania: The
Case of Water Vending, Int'l J. of Water Resources Dev. 16:1, 143-54 (2000).
14. See, e.g.,Justin StolerJohn R. Weeks& Giinther Fink, Sachet drinking water in Ghana's
Accra-Tena metropolitan area: past, present, and future, j. of Water, Sanitation and Hygiene for
Dev. 2, at 223-40 (2012).
15. Kjellen, supra note 13, at 143-54.
16. Authors' conversation with Mohamed Jalloh, July 2013.
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no guarantee that the water being sold is safe to drink. In several other countries
including Ghana and Nigeria, the industry has expanded to include large indus-
trial-scale producers whose much more visible operations do attract the atten-
tion of various governmental institutions-but most of them for revenue collec-
tion rather than for public safety and health controls.
Growing expressions of concern from the public in many countries over
the purity and quality of packaged water and the hygienic conditions in which it
was produced" have attracted the attention of many governments to regulating
this industry. As packaged water consumption continues to rise, many govern-
ments are increasingly concerned about the potential risk to public health from
unregistered and unregulated packaged water products on the market. To im-
prove the regulation of the quality and safety of packaged water produced and
sold, governments must assess the current legal and institutional landscape to
determine the weaknesses in the existing frameworks and then identify areas
and strategies to improve the regulation of packaged water.
2.2. TYPES OF PACKAGED WATER
Two types of packaged water have emerged in sub-Saharan Africa: bottled
water and sachet water. Bottled water is sold in hermetically sealed bottles rang-
ing from smaller single-serving sizes of 0.5-2L to larger 18-20L bottles. The
source of the water used in bottled water can be a spring, river, well, or munic-
ipal piped system, and there are several classifications of bottled water based on
the raw water source.
Natural mineral water is defined as water from underground natural or
drilled sources that are protected against the influence of surface water and pos-
sible pollution." The water has a distinct mineral content and trace elements,
and it should be free from microbial contaminants. International guidelines
require that natural mineral water be collected at the source, and they also pro-
hibit certain kinds of water treatment processes. Water from water sources
that does not meet the definition of natural mineral water may still be bottled,
but this is simply referred to as 'bottled water.' In this article, the authors focus
on bottled water, not natural mineral water.
Sachet water is a single serving of water (typically 300-500mL) contained in
a sealed plastic bag.' As noted, originally sachets were filled with untreated
water, hand tied, and hawked in the street." However, with the advent of im-
ported automatic-filling machines, sachets are no longer crude commodities but
17. See, e.g., Rockson Adofo, "How safe is the Sachet 'Pure Water?'" GhanaWeb, 10 De-
cember 2009, available at http://www.ghanaweb.com/GhanaHomePage/features/How-safe-is-the-
Sachet-Pure-Water-161867.
18. CODrx STANDARD FOR NATURAL MINERAL WATERS, CODEx ALIMENTARIUS (1981).
19. Id.
20. Joseph A. Ampofo et al., When Urban Taps Run Dry: Sachet Water Consunption and
Hicalth Effects in Low Income Neighborhoods of Accra, Ghana, Health & Place 18, at 252
(2012).
21. Ashley R. Williams, Robert E.S. Bain, Michael B. Fisher, Ryan Cronk, Emma R. Kelly
& Jamie K. Bartran, A Systematic Review and Meta-Analysis ofFecal Contamination and Inad-
equate Treatment of Packaged Water at 2-3 (2015).
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are now machine-filled products packaged in heat-sealed plastic with printed
labels and branding.' Most producers claim that sachets undergo some form
of treatment before packaging, although this is not generally verified, and in any
case the production processes vary." For machine-filled sachets, twenty to thirty
individual bags are typically packaged together and sold in bundles by wholesal-
ers or retail stores." Street vendors usually sell sachets individually, often in
coolers or pails with ice to cater to urban customers in need of refreshment."
Bottled water is often more expensive than sachets due to the increased cost
associated with its production." In comparing the water quality of bottled water
and sachet water, a recent systematic review and meta-analysis found that sachet
water was more likely to contain fecal indicator bacteria than small bottles of
water."1
Quantifying the extent and growth of packaged water is difficult since inter-
national monitoring organizations have only recently recognized the increase in
the use of packaged water as a primary source of drinking water. In its 2012
report, the Joint Monitoring Program (an international monitoring agency insti-
tuted by WHO and UNICEF to track progress towards MDG 7c) acknowl-
edged the increase in numbers of households relying on bottled water as their
primary drinking water source." National surveys and research studies from
sub-Saharan Africa indicate packaged water is becoming a substantial source of
water for consumption. In the most recent Demographic and Health survey
from Ghana, the Ghana Statistical Service reported 0.8% and 29% of surveyed
households indicated bottled or sachet water, respectively, as their primary
drinking water source." However, in urban areas, 1.3% and 43.1% of house-
holds reported bottled water or sachet water, respectively, as their primary
drinking water source.' In Nigeria, a 2008 study reported 70% of adults drank
at least one sachet daily during the dry season." In another Nigerian study of
500 people two years later, 80% of respondents reported drinking one to three
sachets per day, with another 19% drinking four to six sachets daily.31
22. Id. at 3.
23. Ashley R. Williams, Mohamed F.Jalloh, Mohammad B.Jalloh, George Saquee, Samuel
Pratt, Michael B. Fisher, Jessica Vapnek & Yasmin jusu-Sheriff, Improving the Regulation, Mon-
itoring, and Quality of the Packaged (Sachet and Bottled) Water Industry in Sierra Leonc; and
Sensitising the Consumer base. Final Report, The University of North Carolina at Chapel Hill
and FOCUS 1000 (2014).
24. Teshamulwa Okioga, Water Qualit and Business Aspects of Sachet-Vended Water in
Tamale, Ghana IMasters thesis], Nairobi, Kenya: University of Nairobi, 81 (2007).
25. Id. at 30.
26. Id. at 109; Gabriel R. Kassenga, The health-related microbiological quality of bottled
drinking water sold in Dar es Salaam, Tanzania, J. Water and Health 5:1, at 179-89 (2007).
27. Williams etal., supra note 21, at 1, 8.
28. WHO and UNICEF, supra note 11, at 36.
29. Ghana Statistical Service, supra note 4, at 13.
30. Id.
31. M.O. Edoga, L.I. Onyeji & 0.0. Oguntosin, Achieving Vision 20:2020 Through Waste
Produce Candle, J. of Engineering and Applied Sciences 3:8, 642, 642 (2008).
32. M. Adetunji Babatunde & M. Ilias Biala, Externality Effects of Sachet Water Consump-
tion and the Choice of Policy Instrument in Nigeria: Evidence from Kwara State, J. of Econ. 1:




The authors conducted an initial review of 158 publications' to understand
the prevalence, safety, and health implications of packaged water. The results
of the review suggest that packaged water use is extremely widespread in many
LMICs and constitutes the primary drinking water source for millions of indi-
viduals worldwide. Furthermore, although contamination of packaged water
products occurs on occasion, bottled water products were less frequently con-
taminated with microbial contaminants than sachet water products. Total coli-
forms, fecal coliforms, and E. coliwere found in approximately 35%, 21%, and
8%, respectively, of all sachet water samples from included studies, while only
11%, 3%, and 3%, respectively, of all bottled water samples were positive for
these organisms. Only a few studies reported levels of lead, arsenic, and fluo-
ride exceeding international guideline values, although on rare occasions these
parameters far exceeded guideline values. The full review is included in Ap-
pendix II.
The review was further substantiated by a more rigorous recent systematic
review of 170 peer-reviewed articles on the microbial water quality of packaged
water products." The authors found that of the 141 included studies that tested
for fecal indicator bacteria, a little over half (78) did not detect contamination.
Small bottled water (<0.5 L) was less likely to be contaminated with fecal indi-
cator bacteria than all other kinds of packaged water products (large bottles and
sachets). The study also compared the water quality results of twenty articles
that tested packaged water products (either sachet or bottled water) and other
drinking water sources available to households. Across these studies, the article
reported packaged water was less likely to contain fecal indicator bacteria than
other drinking water sources.
Even in light of those findings, serious concerns remain regarding the vul-
nerability of packaged water to contamination from viruses and radioisotopes,
since these have not been studied in detail, and contamination of the exterior
surfaces of sachet water products is also a concern. Governments in LMICs
face substantial challenges if they are to effectively monitor and regulate the fast-
growing packaged water industry. To do so, governments must develop systems
to identify and track manufacturers and must implement effective, low-cost reg-
istration, product monitoring, and facility inspection programs.
2.4. BENEFITS OF REGULATING PACKAGED WATER
Governments regulate packaged water to achieve various goals. One is to
safeguard the public by ensuring that packaged water products will not cause
harm to human health;' another is to prevent discarded packaging from harm-
ing the environment."
33. See Appendix II for a more detailed review of the literature.
34. Williams et al., supra note 21, at 1.
35. WHO, GUIDELINES FOR DRINKING-WATER QUALITY 1 (4th ed. 2011).
36. Ampofo et al., supra note 20, at 4.
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As consumption of packaged water continues to increase, there is concern
over the quality of the products and adequacy of the treatment processes that
producers use. Contaminated drinking water can lead to water-borne diseases
such as diarrhea, campylobacteriosis, cholera, typhoid, arsenicosis, fluorosis,
and lead poisoning. 7 Drinking water contaminants can be classified into three
major classes: microbial, chemical, and radiological." Microbial pathogens that
are transmitted by water include bacteria (Escherichia coli, Salmonella, Shigella,
Vibrio cholerae), protozoa (Ciyptosporidium, Giardia), and viruses (norovirus,
rotavirus, Hepatitis A and E)." Microbial contaminants typically result in im-
mediate health consequences, whereas negative health outcomes associated
with chemical contaminants typically occur over an extended period of expo-
sure." Some chemicals occur naturally such as arsenic and fluoride, while oth-
ers originate from agriculture or industrial practices." The doses of radiological
contaminants contained in water are usually very low, but could affect health
with extended exposure.
Households with access to on-plot water supplies have shown to have im-
proved health outcomes, specifically less diarrheal disease and helminth infec-
tions and increased child height." As national governments continue to work
towards universal coverage of water and sanitation services, packaged water can
be a viable alternative for households without access to an uninterrupted supply
of safe water for consumption. Recent studies have suggested that packaged
water may be safer than household stored water or other alternative water
sources." By regulating packaged water products and ensuring their quality,
national governments could realize the possible public health benefits of provid-
ing an interim alternative supply of safe water for consumption while coverage
of municipal supplies continues to expand. At the same time, governments
should simultaneously invest in piped water supplies, as packaged water has
other environmental side effects (including the cost of transport) and is not a
sustainable, long-term solution.
Since packaged water is a new arrival in many countries, most governments
do not have laws that specifically address its regulation. There may be one or
more existing laws or regulations that can be interpreted to cover packaged wa-
ter, but this can be problematic. Among other problems, the various pieces of
existing legislation (such as legislation on food or water) may have inconsistent
definitions of water, food, or packaged water, which can undermine enforce-
ment. In addition, several relevant laws may establish the same or overlapping
mandates for different agencies that regulate various aspects of packaged water.
This may result in burdensome and overlapping inspections of businesses
37. WHO, supra note 35, at 38-39, 238.
38. Id. at 4.
39. Id. at 119.
40. Id. at 6.
41. Id. at 178-79, 494.
42. Alycia Overbo, Ashley R. Williams, Barbara Evans, Paul Hunter & Jamie K. Bartrarn,
On-plot Drinking Water Supplies and Health: A Systematic Review, Int'l. J. Hyg. Env't. Health
317, 319 (July 2016).
43. Fisher et al., supra note 7; Williams et al., supra note 21.
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(which wastes financial resources), or gaps in monitoring and enforcement re-
sponsibilities allowing unregulated manufacture or distribution of packaged wa-
ter.
The overlaps may have originated from different agencies having been cre-
ated at different times, each with its own domain. For instance, regulatory
power over packaged water may have originally resided with the ministry re-
sponsible for health, while the ministry responsible for water resources may also
have been granted some authority in relation to packaged water. Equally, if the
discarded packaging from sachet water has become a growing environmental
problem, environmental protection agencies may have been given some con-
trol.
Reviewing and redesigning the legislative framework so that it provides con-
sistent definitions, clearly identifies the products to which it applies, and ration-
alizes the institutional responsibilities is a key step to improving regulation of
the packaged water industry. Unambiguous laws also prevent varying or con-
flicting judicial interpretations. This may require amending some legislative
provisions to make them specifically applicable to packaged water. For in-
stance, although a legal provision may provide that selling articles dangerous to
human health attracts penalties, this may not provide sufficient notice that pack-
aged water is included. Another example is general laws prohibiting misleading
advertising: although the provisions may apply to packaged water, users might
not appreciate this, and therefore more specific standards for advertising of
packaged water products may be required.
Some national legislation may address the packaged water industry directly,
but without effective enforcement and accountability, little progress will actually
occur. For example, legislation may create a process to issue certificates to those
wishing to produce packaged water, but the process may be largely ignored by
industry if enforcement is weak. Redesigned national legislation, accompanied
by outreach and training for government officials responsible for enforcement,
can specifically address packaged water and therefore be effectively enforced.
Changes to legislation will have to be accompanied by education and outreach
campaigns-to the public, to producers, and to government officials-to foster
compliance and enforcement and to sensitize the public to what they have a
right to expect.
III. DESIGNING AN EFFECTIVE REGULATORY FRAMEWORK FOR
PACKAGED WATER
3.1. ASSESSING THE CURRENT LEGISLATIVE AND INSTITUTIONAL
LANDSCAPE
The first step in designing or redesigning an effective system to regulate the
packaged water industry is to identify existing laws and regulations that either
specifically address packaged water or could be interpreted to cover packaged
water. Some countries have no legislation that can be interpreted to apply to
packaged water, while others may have more than one piece of legislation, each
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of which covers discrete activities linked to the production and sale of packaged
water. The relevant legislation may include laws and regulations on human
health, water, environment, or manufacturing. In most cases, because the ex-
isting legislation was elaborated without packaged water in mind, there will be
inconsistencies, gaps, or overlaps in the legislative framework. And even where
parent legislation (such as a public health law) exists, it usually does not outline
specific requirements for the packaged water industry. For this reason, most
governments will wish to prepare tailored legislation with clearly defined re-
quirements and expectations for producers to facilitate compliance and enforce-
ment. An assessment of the existing legislative framework will help to identify
the following:
1) Existing pieces of legislation (if any) that could apply to packaged wa-
ter;
2) Overlaps created by the existing legislation; and
3) Regulatory gaps in the current framework.
After the national legal experts identify the legislative landscape, including
the gaps and overlaps, the next step is to conduct an institutional review to assess
how institutions are implementing the existing laws and regulations in practice.
This analysis is critical because the difference between what is written in the
legislation and what is actually taking place (e.g., with respect to inspecting and
monitoring the packaged water industry) can be quite large. An institutional
review should identify the following:
1) The range of institutions purporting to regulate aspects of the pack-
aged water industry;
2) Current regulatory practices within each institution;
3) Previous experience of each institution regulating packaged water or
other similar industries;
4) Funding levels for each institution;
5) Institutional and staff capacity of each institution; and
6) Challenges for a particular institution to exercise its legal mandate.
By conducting these legislative and institutional reviews, governments can
identify the gaps and overlaps and can determine which institution or institu-
tions do have, should have, or could have the mandate and capacity to carry out
specific regulatory roles with respect to packaged water. The results of the re-
views will guide the formulation of recommended changes to the legislative and
institutional frameworks to improve the overall regulatory system for packaged
water.
3.2. LAwS OR REGULATIONS
If the results of the review indicate that new legislation is needed, the next
task for policy makers will be to decide what form the new legislative provisions
on packaged water should take. For example, the government may decide that
Issue 2 29
WATER LAW REVIEW
a new (parliamentary-level) law is needed, or it may determine that an existing
law-such as a public health law or a food law-provides a solid legal basis under
which to promulgate new subsidiary (ministerial-level) legislation such as regu-
lations; or it may decide that both a new law and new implementing regulations
are needed. Alternatively, the government may determine that strengthening
the regulatory framework for packaged water only requires a few amendments
to existing legislation.
A distinction should be made here between what is ideal and what is prac-
tical: even where there is consensus that the best solution is a new packaged
water law, in the end, the government may decide for practical reasons that a
few amendments or a set of new regulations is all that will be pursued. This
could be because there is a lack of political will to shepherd a new parliamen-
tary-level law through the enactment process; or it might be because there is a
political stalemate that would prevent its enactment; or perhaps the process
would take too long and the government wants a more rapid solution. In such
circumstances, it may decide simply to promulgate regulations.
Where a parliamentary-level enactment is selected, policy makers should
bear in mind that such legislation is generally kept as basic as possible, leaving
details and specific requirements for the implementing regulations. This serves
two purposes: First, it facilitates passage of the main law, because the more
general it is, the less likely it is to be objectionable to other ministries and gov-
ernment authorities. Second, keeping the law basic ensures that any amend-
ments that later become necessary because of scientific advancements or chang-
ing political circumstances can more quickly and easily be made. That is,
instead of having to approach the legislature to amend any new packaged water
law, the relevant minister would simply exercise his or her power to issue or
amend ministerial regulations as needed.
The dividing line between what is to be included in the parliamentary-level
legislation and what should be in the subsidiary instruments (e.g., regulations,
rules, orders, schedules) depends on the legislative and other traditions in the
country, but some general observations can be made. First, as already noted,
any elements that are likely to change should not be included in the main law.
This would include provisions based on the state of scientific or technological
knowledge, as well as any provisions that depend on a particular set of empirical
circumstances. For example, lists of approved packaged water producers
should clearly not be in the main law as these will change over tine.
Subsidiary instruments, including the definitions they use, should not con-
flict with the main law. Similarly, any procedures set out in the principal legis-
lation-such as the system for issuance of permits to produce packaged water-
should be the skeleton on which any more comprehensive procedures are
fleshed out in the regulations. The regulations should, where possible, create a
comprehensive whole in their own right. This is so that if at some future date
the main law is repealed, the system established in the regulations can remain.
The next sections identify in more detail the specific issues that should be
addressed in legislation on packaged water.
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3.3. ISSUES ARISING IN THE REGULATION OF PACKAGED WATER
3.3.1. Legislative definitions
The legislative assessment should start with a review of the definitions of
key terms in the legislation, as some definitions may be absent or there may be
inconsistencies in terminology among pieces of legislation passed at different
times. Legislation passed decades ago to cover water or food may not use lan-
guage that would clearly include packaged water, since the product has only
been developed in recent years. Consistent definitions can eliminate confusion
and gaps in enforcement and facilitate judicial interpretation. Particularly im-
portant is a clear definition of 'packaged water,' since that definition will set the
scope and outline the coverage of the legislation.
The definition of packaged water can present a challenge in that it is drink-
ing water, which can often fall into the category of water resources, but since it
is packaged it is also a product for consumption, and can thus be considered a
food. As is shown in the Nigeria and Sierra Leone case studies (see Appendix
I), if 'packaged water' is not explicitly included in the legal definition of 'food'
or 'drinking water,' this may lead to overlapping responsibilities among regula-
tory agencies and weakened enforcement.
The definitions in the law or regulations should be internally consistent,
and they should be drafted as clearly as possible, without archaic constructions
like 'the said pennit' and 'therein.' The list should only include those terms
that actually appear in the legislation and that are likely to be a cause for confu-
sion if not defined. There is often a temptation, especially among technical
experts, to include in the legislation numerous definitions even for terns that
do not appear in the text, and even of terms that are generally well understood.
This is unnecessary.
3.3.2. Competent authority
A key task will be to identify overlapping responsibilities among regulatory
agencies and name one competent authority to serve as the lead regulator of the
packaged water industry. Through the legislative review, policy makers will be
able to identify if and where there are overlapping legal mandates, while at the
same time the institutional review can provide insight into which regulatory body
is most capable and equipped to regulate the packaged water industry. Ideally,
one institution, such as the Ministry of Health or the Food Inspection Agency,
will be designated as the competent authority to regulate packaged water, alt-
hough in some contexts, political and resource considerations may require that
more than one institution exercise control over various aspects of packaged wa-
ter regulation.
44. For example, the institutional and legislative review in Sierra Leone confirmed that the
MoHS is the most appropriate government ministry to regulate packaged water based on existing
legislation. However, although the MoHS has the legal basis to take the lead role in regulating the
industry, for a variety of reasons it was decided that other institutions would continue to exercise
specific and discrete roles. To minimize overlaps or gaps in responsibilities, the draft regulations
call for the identification of a 'coordinating unit' to oversee the roles of the several entities involved
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The role of local government in the regulation of packaged water will vary
by country. In Nigeria, enforcement of the regulations is vested in an agency at
the national level, the National Food and Drugs Control Agency ("NAFDAC").
By contrast, Ghana relies on the District/Metropolitan Assemblies to enforce
regulations at local level, while in Sierra Leone, the Ministry of Health and San-
itation ("MoHS") has devolved its responsibility to provide and protect access
to safe drinking water to the local councils established by the Local Government
Act. Accordingly, the draft regulations prepared for Sierra Leone provide that
local public health aides should be trained to carry out monitoring of the pack-
aged water industry and enforce compliance with packaged water standards at
the local level. Empowering local authorities to handle compliance could ad-
dress the problems of ineffective enforcement in Nigeria as well, discussed in
more detail in Appendix 1.
3.3.3. Regulatory responsibilities
Legislation should provide the competent authority with all powers neces-
sary to carry out its duties, taking into account the circumstances and resources
in the country. Some of the responsibilities may include the power to issue
subordinate rules, such as regulations or guidelines for packaged water produc-
tion. Another important power is the ability to charge fees for the services pro-
vided. Many variations are possible here, such as fees charged to apply for a
certificate to produce packaged water or fees for registration of a packaged water
product, approval of the package or label, or laboratory analysis. In some coun-
tries, the competent authority may be able to retain fees it collects. In other
countries this is not legally possible, and instead all government-acquired fees
are consigned to the consolidated fund administered by the mminstry responsi-
ble for finance, which then allocates funding to the various ministries and agen-
cies through the normal budgetary process.
The competent authority should have the power to enter premises to con-
duct inspections: some inspections should be scheduled and others unan-
nounced, to optimize enforcement. In Sierra Leone, because more than one
governmental authority is involved in the regulation of packaged water produc-
tion, the draft regulations authorize the new coordinating unit to issue a com-
prehensive certificate to operate a packaged water facility after confirming that
the requirements of the other authorities have been met (such as inspection of
the equipment by the Factory Inspectorate ("Fl")). The coordinating unit is
responsible for verifying that the producer has submitted all necessary docu-
mentation in connection with the application for a certificate.
Another important duty of the competent authority is to collect and main-
tain information about the packaged water industry and packaged water prod-
ucts in the country. The authority should compile and report to relevant gov-
ernmental and non-governmental bodies, as well as to the public, data on
packaged water producers and the results of monitoring activities.
in packaged water regulation.
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3.3.4. Inspections
Legislation should provide for the appointment of qualified persons to act
as inspectors. In some countries the appointment of inspectors is not the re-
sponsibility of the relevant minister (e.g., the Minister of Health) but is the re-
sponsibility of a central government agency that appoints all public servants and
officials. The details of inspectors' required qualifications are generally set out
in subsidiary legislation.
In some cases, the competent authority may need the assistance of other
administrative agencies and staff, if the authority itself has insufficient staff to
carry out needed inspections in all places of business and regions of the country.
For this reason, the legislation should permit the competent authority to use not
only its own employees but also employees of other authorities, or even private
contractors, for enforcement. For example, even where the ministry responsi-
ble for health is assigned overall regulatory authority for packaged water, it may
wish to rely on customs officers at border points if there are not sufficient min-
istry employees to serve in those remote locations. The legislation should be
phrased to permit this type of delegation.
Inspectors are the main point of contact between the government and the
packaged water industry and between the government and consumers of pack-
aged water products. Inspectors must have the power to enter a variety of loca-
tions, including production facilities and shops, and to stop and search vehicles,
persons, and containers, to verify compliance with the legislative framework.
Because these powers can be very similar to those of police and may therefore
impinge upon personal liberties, the legislation should clearly outline the limits
and exercise of the inspectors' powers.
The legislation should include other inspection powers such as the author-
ity to take samples; to seize equipment, packaged water products, and docu-
mentation; to ask questions; to take photographs; to shut down operations; and
possibly, to issue fines. Inspectors generally have to display their identification
card when carrying out their duties, and can request the presence and assistance
of the forces of public order (such as police) where needed. Subsidiary legisla-
tion may enumerate in more detail inspectors' duties and responsibilities, and
may outline procedures for how inspectors should carry out inspections, take
and mark samples, and submit them for analysis.
Inspections will cover a variety of activities at the packaged water production
sites. The competent authority will have to ascertain compliance with legislative
requirements in the following areas:
* Sanitary and hygienic condition of premises;
* Workers' sanitary and hygienic conduct/behavior;
* Workers' safety;
* State of machinery and equipment (including electrical wiring and fix-
tures);
* Calibration of measuring instruments;






* Storage of packaged water products.
In addition to the place of production, inspections should cover places
where packaged water is sold, to ensure the sellers' compliance with legislation
concerning the registration, packaging, storage, labeling, and sale of packaged
water.
Often the inspections will need to be carried out by different regulatory
agencies. For example, in Sierra Leone, both the MoHS and the FI are em-
powered to perform sanitary inspections of the manufacturing facility, while
both the MoHS and the Sierra Leone Standards Board ("SLSB") are empow-
ered to sample and analyze packaged water products.' In jurisdictions where
multiple regulatory agencies have inspection responsibilities, ideally the legisla-
tive and institutional review will identify the overlaps. Where multiple authori-
ties retain responsibilities, it is highly recommended that inspection visits be
coordinated and harmonized. Joint training of inspectors will also facilitate uni-
formity of outlook and results.
Where there are overlapping mandates to carry out inspections, the author-
ities should collaborate and allocate specific responsibilities so as to conserve
resources and reduce redundancy. Ideally, the authorities would select one in-
stitution's inspector to carry out the on-site inspection on behalf of all. Where
this is not possible, on a joint inspection visit, one agency's representative might
perform inspections of equipment, machinery, and electrical systems while an-
other agency's representative would perform the sanitary inspection of the pack-
aged water facilities. These responsibilities should be clarified in advance of the
inspection visit. Similarly, to promote efficiency of on-site inspections and ease
of data collection, authorities should harmonize their respective site inspection
checklists and protocols. Inspectors should also be trained to collect packaged
water samples at the time of inspection and then deliver them to an official la-
boratory.
3.3.5. Monitoring
An important role of the competent authority will be to carry out monitor-
ing to ensure compliance of packaged water products and packaged water facil-
ities with established standards. Regular site inspections and water quality test-
ing of raw water sources and packaged water products should be incorporated
into the certification process, as outlined below. The authority should also con-
duct regular surveillance, site inspections, and testing of water samples from
producers and vendors. The frequency of surveillance testing should be based
on the level of risk associated with the facility and the level of public exposure.
The level of risk should be determined by:
45. Williams et al., supra note 23, at 10.
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* Status as a current or new producer;
* Past history of cancelled certificates; and
* Frequency of consumer complaints and noncompliance.
Larger producers with high daily production volumes, and thus greater pub-
lic exposure, should be examined more frequently. At production premises,
the inspectors should conduct monitoring site visits (announced or unan-
nounced) to ensure compliance with the established standards and regulations.
These would cover:
* Sanitary and hygienic conditions of production sites, including work-
ers' dress, behaviors, and medical fitness;
* Machinery and equipment (including electrical systems);
* Presence of illegal piping and interference/pollution/destruction of
water supplies; and
* Raw water source inspection.
To create a more efficient monitoring system and reduce the burden on
packaged water producers, the competent authority should coordinate unan-
nounced surveillance visits of production facilities by the various regulatory
agencies.
In addition to product testing at producers' facilities, monitoring should
include market-based surveillance. Brands with higher volumes of distribution
should be tested more frequently than brands with smaller production runs.
Inspectors should gather samples from various distribution points and test the
products for quality and compliance with regulations. They should then follow
the established protocols for follow-up based on results from surveillance testing
and inspections, and the competent authority then carries out the follow-up test-
ing based on surveillance data. In addition, it is recommended that the compe-
tent authority create an avenue for consumers to report complaints. This is
covered in more detail in Section 3.3.17. The authority should determine how
many complaints within a given time period would warrant product testing and/
or facility inspection.
3.3.6. Approved laboratories
The legislative framework should establish a system for identifying and ap-
proving the laboratories that will be authorized to analyze samples taken under
the law. The legislation should set out criteria that a laboratory must meet to
be certified as an approved laboratory after an external audit of its resources,
equipment, staff capabilities, and other features.
In many countries there is an increasing need and desire to rely on private
laboratories and their staff for some or all of these laboratory-related func6ons,"
which the legislation should be drafted to permit. The legislation should also
46. Id. at 17.
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set rules for the operation of the laboratories, as well as for how the laboratory
staff should receive, mark, analyze, and maintain samples and communicate the
results.
3.3.7. Certificate of operation
To ensure proper control over the packaged water industry, legislation
should require that all persons or businesses seeking to produce and package
water apply for a certificate of operation. Issuance of the certificate reflects
formal written permission from the competent authority to produce packaged
water. This may be an area of intersection with other national legislation gov-
erning general business operations but because of the public health risks in-
volved, the authors recommend implementation of a specific system for pack-
aged water, i.e., one that grants certificates to individuals and businesses seeking
to produce packaged water.
The competent authority should receive, evaluate, approve, or deny appli-
cations for certificates to produce packaged water. Applications should be sub-
mitted in the form specified by the legislation, and will be approved or denied
according to specified procedures and for specified reasons. The competent
authority may be empowered to charge a fee, which should be publicly posted
and based on cost recovery (see Section 3.3.10 for additional discussion).
Where the application for a certificate is denied, the competent authority
should provide the reasons for the denial in writing. The legislation should also
establish the term of validity of the certificate and the procedures for reapplica-
tion and renewal.
In deciding whether to grant the certificate, the competent authority will
evaluate the location, facilities, and equipment, as well as the competence and
training of the producer's staff. More specifically, the competent authority
should consider whether:
* The information in the application is complete and accurate;
* The location, land, facilities, and equipment are appropriate for the
production of packaged water;
* The applicant's staff are technically competent to operate the pack-
aged water business; and
* Adequate hygiene practices are in place.
The competent authority may impose additional requirements in connec-
tion with the issuance of a certificate. For example, a certificate may be granted
subject to conditions, such as pre-treatment of the source water, mandatory staff
training, or acquisition of special equipment.
Inspections are part of the system to oversee the issuance of certificates to
packaged water producers. As set out above, inspectors should be given the
power to enter premises, make inspections, take samples, and request docu-
mentation. The competent authority may suspend or revoke a certificate if in-
spections reveal a violation of any conditions on which the certificate was
granted, or if new facts come to light which would have led to the denial of the
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application at the time it was submitted. There should be an appeal procedure
available for the denial, suspension, or revocation of a certificate for packaged
water production.
The authors recommend that certificates be valid for one year, at which
time producers will be required to renew their certification. The renewal pro-
cess should include re-inspection and testing of packaged water products.
3.3.8. Standards
Because of the risk to human health, governments should develop and pub-
lish mandatory standards for packaged water. These will include requirements
for the quality of the water, as well as for its packaging and labeling. National
standards for water quality should specify the acceptable limits for microbial,
chemical, and radiological parameters that pose a risk to human health. Each
country may design its standards according to its needs, but the underlying re-
quirement is that all packaged water products sold in the country must meet
established mandatory standards.
The standards agencies in the three countries reviewed (Ghana, Nigeria,
Sierra Leone) do not make packaged water standards publicly available. The
typical practice in sub-Saharan Africa is for government standards boards to
purchase access to the International Organization for Standardization ("ISO")
standards for packaged water products, adapt them, and then charge manufac-
turers for access to the standards as a way of covering the government's own
annual fee to use the ISO standards. This practice of charging producers for
national standards creates a knowledge barrier that contributes to a lack of com-
pliance, such as in Sierra Leone where the authors found that many packaged
water producers were unaware that national standards existed. Therefore, the
authors recommend that national governments evaluate this practice. Govern-
ments could also consider developing and disseminating alternative standards.
The Codex Alimentarius Commission ("CAC"), for example, provides free
product standard templates, which are meant to be adapted to suit each coun-
try's unique situation and needs. Similarly, the WHO publishes freely available
Guidelines for Drinking-water Quality that can be used as a basis for packaged
water standards. This would allow standards to be made available publicly for
producers, as well as consumers.
3.3.9. Certification
Once in possession of a valid certificate of operation, a packaged water pro-
ducer is then free to apply to the competent authority for certification of each
packaged water product it intends to produce. The legislation should set out
the required form and contents of the application and establish the standards
with which the applicant must comply for the particular product in order to
receive certification.
On receipt of the application, the competent authority tests the product and
exanines the proposed packaging and label and either approves or denies cer-
tification. When certification is granted, the competent authority assigns a cer-
tification number to the specific packaged water product, and the producer
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must then include the certification number on the label. In some cases, a cer-
tification number may be integrated into a certification mark from the compe-
tent authority. A certification mark should be easily recognizable by consumers
and to deter fraudulent use of the mark, it should be difficult to imitate and
reproduce. The competent authority should mount awareness campaigns to
sensitize the public to the importance of looking for the certification number/
mark on packaged water products to ensure that they are officially certified as
safe for human consumption.
The written notice from the competent authority that grants certification for
a particular packaged water product will indicate the term of validity of the cer-
tification. No change may be made to the label as approved-except for the
addition of the certification number/mark-without the permission of the com-
petent authority. If the competent authority decides not to certify a particular
packaged water product, the legislation should require the authority to provide
a written explanation to the packaged water producer listing the reasons for the
denial. The legislation should also afford the applicant an opportunity to appeal
the denial and/or to resubmit the application for certification within a certain
time period.
The legislation should empower the competent authority to cancel, amend,
or suspend certification as new information becomes available. This might oc-
cur if the competent authority detennines that certification was secured based
on false information, if the applicant fails to report any relevant change (to the
product or to the applicant's details), or if inspection reveals that the packaged
water product no longer complies with the established standards.
3.3.10. Fees
Many of the activities reviewed in the preceding sections nonially attract
fees. For example, the competent authority should have the power to charge
fees for services associated with certification and testing. To promote account-
ability and transparency, it is recommended that all fees associated with the reg-
ulation of the packaged water industry be standardized, published, and publi-
cized widely through the media.
The authors also recommend that governments perform an economic anal-
ysis to determine the true cost of regulating the packaged water industry in their
countries. The analysis should incorporate the personnel and resources re-
quired to implement the proposed regulatory framework while accounting for
the estimated annual revenue generated by packaged water producers of varying
sizes. The institutional review referred to in Section 3.1 can be used to evaluate
funding available in the regulating institutions and help identify appropriate fees
for cost recovery.
3.3.11. Labeling
Proper labeling of packaged water products is a key strategy to reduce en-
vironmental and health impacts in that the label conveys to the consumer the
infomniation needed to make decisions on whether consuming the water is safe
and also on how to properly dispose of the used sachet. Country conditions
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should be carefully considered when regulating labels. In lower income coun-
tries, consumers may be illiterate or literate only in a local language or dialect,
or they may have other barriers to properly understanding the label.
Legislation, most likely subsidiary instruments such as regulations, should
specify what information must be conveyed in a label, including at least:
* The brand name;
* The certification mark;
* The type of product (e.g., natural mineral water or packaged water);
* The name, address, and other contact information of the producer;
* The date of production and expiry date;
* The volume of the contents;
* Information about the chemical composition; and
* Instructions on proper disposal of the package.
To avoid running afoul of international trade rules, labeling requirements
should apply equally to imported and domestically produced packaged water.
The legislation should dictate how the required information should be com-
municated. Depending on the national context, this may include the size of the
label, the system of weights and measures to be used, the translations to be in-
cluded (e.g., translation into local languages), and the need for pictorial repre-
sentations. The legislation should also require that labels be resistant to normal
wear and tear encountered in transport, storage, and use over the time period
required for the packaged water products to reach the consumer and be used.
Labels should be printed in non-fading ink colors and be firmly affixed to the
packaging, or where imprinted directly on the plastic, should be printed in ink
safe for human consumption-since in many cases consumers put their mouths
directly onto the packaging of sachet water. In situations where individual pack-
ages are bundled for wholesale distribution, the legislation should require that
both the primary and secondary packaging contain all required information.
As noted earlier, the certification of a packaged water product is generally
contingent on the approval of a sample label submitted to the competent au-
thority in conjunction with the application. The authority can therefore deter-
mine if all essential information is contained on the label, if the label is in the
appropriate form, and if it uses the right means to communicate the infor-
mation. The legislation should prohibit the sale of packaged water unless it
bears a label that has been approved by the competent authority. The label
should also comply with general requirements established in any other labeling
legislation in force in the country, for example general legislation on food and
drink.
3.3.12. Packaging
Because of the risk to human health, governments should put in place man-
datory standards for the packaging of packaged water products. The standards
should cover the types of materials that may be used and how long packaged
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water may be stored and under what specific conditions (e.g., at what tempera-
ture). Because packaged water products are often sold informally on the streets
in basins, for example, it is important that the packaging material not degrade
in sunlight.
As policy makers seek to regulate packaged water, they should take into
consideration all aspects of its impact on human health and the environment,
including waste generated by the industry. This includes empty, used bags and
waste from production processes. Consumer behavior and lack of solid waste
management have exacerbated the effects of packaged water waste in many
countries in sub-Saharan Africa. Once a consumer has finished with a sachet,
he or she typically tosses the plastic sleeve on the ground since there are few, if
any, public waste bins. The waste finds its way to ditches, leading to clogged
storm drains and standing water. In tropical, humid regions, areas of standing
water are ideal breeding grounds for mosquitos, resulting in an increased risk
of transmission of malaria and other vector-borne diseases. Blocked drains also
lead to flooding, with concomitant damage to property and risk to human health
and life. In Ghana, public backlash against sachets due to the solid waste they
produced was very strong and almost led to a ban on packaged water."
In tackling the problem of waste generated by packaged water products,
policy makers have several options. Producers can be obliged to use recyclable
or biodegradable materials, or to collect a deposit, which serves as an incentive
for consumers to return the used plastic bags. Governments can also impose a
product tax to pay for cleanup. If policy makers overlook this key issue in leg-
islation, packaged water sachets will inevitably aggravate the problem of solid
waste management that already exists in sub-Saharan Africa.
3.3.13. Import and export
In Africa, most packaged water is sold and consumed in the country where
it is produced, but bottled water from Europe and North America is also im-
ported into sub-Saharan African countries. In addition, some sub-Saharan Af-
rican countries with more sophisticated production facilities export their pack-
aged water products to neighboring countries that may have fewer producers or
less industry. Where packaged water crosses international borders, the legisla-
tive and institutional framework must allow for the regulation of imported and
exported packaged waters in addition to domestically produced products.
Government control over imports requires that importation of packaged
water be prohibited unless the importer is in possession of an import permit
from the appropriate authority. The legislation should elaborate the proce-
dures for entities or individuals wishing to apply for an import permit for pack-
aged water and also set out the criteria that the authority will use in deciding to
grant or deny the permit.
47. See Stoler et al., supra note 14 (for Ghana); see also GNA, "AMA to Enforce Ban on
Sachet Water if..." (July 8, 2007); cf Ayokunle Christopher Dada, Packaged Water: Optimizing
Local Processes for Sustainable Water Delivey in Developing Nations, 7 Global Health (2011),
available at https://www.ncbi.nlm.nih.gov/prnc/articles/PMC3161851 (for Nigeria, the ban was
more related to public concern over the water quality).
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The legislation should establish that imported packaged water is subject to
inspection at the port of entry to enable control of its quality, packaging, and
labeling. For example, an inspection will ensure that the expiry date is not too
imminent (to avoid the risk of the packaged water passing its use-by date soon
after arriving in the country). Because the customs service is usually the first
point of contact for imported commodities, it will have an important role to play
in flagging imported packaged water that is not properly packaged or labeled.
The legislation should also indicate whether there are exceptions for donations
or for emergency use, for example during a drought or famine.
Countries may already have, or will wish to put in place, rules and proce-
dures for the inspection of packaged water intended for export. For example,
the law may provide that exporters must apply for a permit and that the com-
petent authority will carry out a site visit at the applicant's plant, to check the
facilities, equipment, and qualifications of staff. Because rejected exports affect
a country's international reputation, the control of exports usually includes ver-
ification that exports meet the imported country's requirements, for example
for packaging and labeling. This avoids the embarrassment of shipments being
rejected at the receiving country's border, port, or airport on arrival.
3.3.14. Storage and transport
Because packaged water is usually transported and stored before being sold,
the legislation should establish general requirements for both of these stages.
For example, the rules should provide that the temperature not exceed a certain
level, or that the products not be stored near hazardous materials. Since sachets
in sub-Saharan Africa are typically bitten directly and consumed by consumers
placing their mouths on the exterior of the sachet, the legislative provisions
should require that during storage and transport, the packages must be kept free
of dust, dirt, and other contaminants. For the same reason, the provisions might
require that individual sachets be packaged in a secondary bag or container to
reduce possible contamination of the exterior, since even when the water inside
the sachet is safe for consumers, the contamination on the exterior of the sachet
could result in negative health outcomes.
The law should also establish requirements for vehicles and containers used
for transport of packaged water. For example, provisions may state that pack-
aged water should not be transported without being covered or in the same
vehicles as hazardous materials.
3.3.15. Sale
The sale of packaged water requires oversight to protect the consumers who
will purchase and consume it. In most countries, regulation of larger supermar-
kets is usually already in place under existing legislation, whereas the informal
sector is harder to regulate as packaged water is sold from tiny shops or individ-
ual sellers roaming through traffic with basins or coolers. As noted, street hawk-
ers and vendors often display packaged water for sale, resulting in packaged
water products being directly exposed to sunlight and high temperatures. Little
research has been done to examine the effects of plastic leaching into the water,
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but it has nonetheless raised consumer concerns. At this time, it is recom-
mended that packaged water products be stored in cool, dry places.
Even where the packaged water sachets are sold to wholesalers in bundles,
street vendors and hawkers typically remove secondary packing and sell indi-
vidual packaged water products from coolers and buckets filled with ice. These
practices create various mechanisms of possible contamination of the outside
of the sachet, and some studies have shown an increase in microbial contami-
nation on the exterior of sachets sold by street vendors.' Regulations could
address the handling of individual packaged water products to ensure consumer
safety, for example by requiring that sachets be kept in their secondary packag-
ing during transport and storage-but given the manner of distribution and sale
in sub-Saharan African countries, completely reducing potential contamination
at the point of sale may not be feasible.
3.3.16. Advertising
Advertising can have a powerful effect on decisions to purchase a product,
and thus, any effective system to manage packaged water must include re-
strictions on advertising. In many countries consumers have the impression-
sometimes true, sometimes not-that packaged water is safer than tap water.
More concerning is where advertising encourages consumers to choose pack-
aged water (colloquially known as 'pure water' in many West African countries)
when mixing baby fonrinula.
Ideally the legislative framework will prohibit advertising packaged water in
a deceptive manner. Legislation can also prohibit the use of specific words,
phrases, or claims. Conversely, packaged water producers should refer to their
certification prominently in advertising, so that consumers can begin to distin-
guish between those products that have been certified as meeting national stand-
ards and those that have not.
3.3.17. Information collection and dissemination
The competent authority carries out an important information collection
and dissemination role that strengthens the system for the regulation of pack-
aged water. Three types of communication are important: between regulatory
agencies, between the competent authority and packaged water producers, and
between the competent authority and the consuming public.
(1) Communication between regulatoiy agencies
To maximize government resources and facilitate data sharing, policy mak-
ers should consider developing a database of all current producers and prod-
ucts. This would aid regulators in tracking producers, coordinating inspections,
scheduling monitoring activities, and identifying repeat offenders. Basic data
on producers, as well as data on inspections and water quality testing, should be
48. E.O. Ejechi & B.0 Ejechi, Safe Drinking Water and Satisfaction With Environmental
Quality of Life in Some Oil and Gas Industry Impacted Cities of Nigeria, Soc. Indic. Res. 85, at
211-22, 219-20 (2008); Fisher et al., supra note 7, at 12.
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entered into the database. To keep the database accurate, data entry should
take place in a timely matter and on a regular basis.
The capacity of the competent authority, the state of local infrastructure,
and the roles of inspectors as set out in the legislation may guide regulators in
designing a database. Ideally, all MDAs involved in regulating the industry
would have access to it. However, data security must also be considered, and
access to sensitive information should be restricted to authorized personnel.
Inspectors serve an important information-gathering function as they collect
vital information about production, storage, and labeling of packaged water. In-
spectors also take samples of packaged water to evaluate the quality and types
of packaged water on the market. If multiple MDAs are responsible for differ-
ent regulatory activities, then policy makers should develop protocols for deter-
mining the chain of communication and the appropriate response when an in-
stance of noncompliance occurs. To reduce overlap and miscommunication,
these protocols should explicitly identify which MDA is responsible when spe-
cific circumstances occur. For example, protocols should identify the chain of
communication if the water quality test results of sachet products show contam-
ination. The protocol should clearly identify which institutions should be in-
formed about the water quality testing results, and what official response is
thereby triggered against the producer. In addition, the protocol should clearly
identify which MDA should be alerted so that it can then communicate the
health risks to consumers. Semi-annual or annual joint meetings of all MDAs
associated with packaged water regulation are also recommended so that there
is a regular forum to address any needed changes in existing communication
protocols.
(2) Communication between the competent authority and producers
Once packaged water regulations are in place, the competent authority
should clearly communicate to packaged water producers the content of the
regulations and the established procedures for obtaining authorization to oper-
ate a packaged water production facility and produce specific packaged water
products. This could include public training sessions in various locations
throughout the country informing producers of new or revised registration pro-
cesses and the requirements outlined in the regulations. These should include
standards for water quality, labeling, and packaging, as outlined earlier.
The majority of smaller manufacturers in most developing countries have
little understanding of water quality, water treatment processes, or hygiene.
This lack of basic knowledge means that many producers do not use best man-
ufacturing practices to ensure that the products are produced hygienically.
Some producers may not use any treatment processes in producing packaged
water, and even when producers do perfor water treatment, they often do not
test the quality of their products to ensure that treatment processes are effective
and that the final product is safe for human consumption.
To facilitate dissemination of knowledge regarding best practices in the pro-
duction of packaged water, it is advisable that either the competent authority or
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some other identified body be charged with the responsibility for holding train-
ings for producers (or interested parties) regarding good manufacturing prac-
tices, hazard analysis and critical control point ("HACCP"), treatment options,
water quality testing, and other topics as needed. In Sierra Leone, the DFID-
funded project used a train-the-trainer process, i.e., it trained regulatory officials
in the proposed registration process and regulations and these officials then
trained packaged water producers. As part of the project, FOCUS 1000 and
UNC also developed training manuals that provided detailed explanations of
the regulations' requirements, to assist packaged water producers with compli-
ance. Associations of packaged water producers, if they do not already exist,
could be established and mentored to play a similar role to the Association of
Table Water Producers in Nigeria, which publishes guidelines related to pack-
aged water products and educates the general public.
(3) Communication between the competent authority and consumers
As outlined above, to assist consumers in reducing the risk of their exposure
to low quality packaged water products, a certification mark should be designed
to identify packaged water products that meet national standards. The compe-
tent authority should be charged with publicizing the certification mark so that
consumers are aware of and are able to recognize the mark. In this way, they
have the ability to make informed purchasing decisions. In addition, a list of the
names of packaged water products that have failed national standards should be
made available to the public on a quarterly or monthly basis. Regulations
should also outline a feedback mechanism whereby consumers may contact the
competent authority if they have a complaint or concern regarding a packaged
water product. This could be in the form of a telephone number printed on
product labels and advertised through national media, or some other means.
The competent authority should monitor consumer complaints, establish a pro-
tocol for responding to them, and keep records of complaints. In addition, to
promote accountability and transparency, it is recommended that all fees asso-
ciated with the packaged water industry be standardized and published in na-
tional newspapers and publicized widely through the media. (See Section
3.3.10.)
3.3.18. Enforcement
The low entry barrier to production and the profitability of packaged water
production and sale have resulted in a mushrooming of the number of pack-
aged water producers throughout sub-Saharan Africa. As discussed, sachet wa-
ter began as a simple, cottage industry where entrepreneurs hand-filled plastic
bags and tied them off for individual sale. As the sachet industry has evolved,
most producers have shifted to an automated filling and packaging process, and
yet most facilities are still small operations housed in apartments or sheds.
These smaller operations typically only include a few packaging machines, car-
tridge filters, ultraviolet light, and storage tanks, meaning that they can easily be
relocated. As governments have sought to regulate the industry, they have en-
countered difficulty registering and tracking packaged water producers due to
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this mobility. Producers identified as being in violation of existing regulations
are easily able to shut down operations, relocate, and reopen under a different
brand name.
As difficult as it is for regulatory bodies to track registered producers, there
are hundreds more unregistered producers whose products are not registered.
In Ghana, for example, one study reported there were an estimated several
hundred unregistered producers in Accra alone." Although registration is man-
datory in Ghana, this is not widely enforced." For these reasons, as noted
above, the authors recommend that policy makers develop a packaged water
database to identify producers and facilitate more effective monitoring. Limita-
tions of government resources in terms of staff, transportation, and communi-
cations will nonetheless continue to hamper effective enforcement. This argues
for governments and any funding partners to focus on strengthening the capac-
ities of and providing essential resources to the bodies responsible for regulating
packaged water.
3.3.19. Offenses
To ensure enforcement, the legislative framework should establish of-
fenses, including actions not only by the general public and industry, but also
by persons acting officially on behalf of the competent authority. Some of the
possible offenses that can be committed by the public include:
* Selling or distributing a packaged water product that is not certified;
* Selling or distributing a packaged water product that does not meet
the standards as stated when the product was certified;
* Violating the packaging, storage, or transport requirements;
* Distributing or selling a packaged water product that is not properly
labeled;
* Advertising in a false or misleading way;
* Making false or misleading statements or providing false or mislead-
ing information in an application for certification or in required re-
ports or records; and
* Hindering or impeding an inspection or assaulting an inspector.
Provisions governing the behavior of inspectors and other officials will guar-
antee the safety of information and propriety of actions taken by the competent
authority and ensure that industry has appropriate confidence in the regulators.
Potential offenses by officials could include:
* Knowingly disclosing any confidential information acquired in the
course of official duties, except in limited circumstances (e.g., court
proceedings);
49. See Stoler et al., supra note 14, at 6.
50. Id. at 9.
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* Accepting, rejecting, or otherwise acting on any application for certifi-
cation for any reasons other than those enumerated as applicable cri-
teria in the packaged water legislation; and
* Participating in any administrative decision in which the individual has
a personal interest including a familial relationship or financial stake.
After identifying the offenses, the legislation will next have to define which
activities are criminal offenses and which are administrative ones. In some
countries, the answer may already be provided for in the constitution (or in the
criminal code), or the answer may be obvious due to the particular legal culture.
For example, the Sierra Leone courts have tended to construe legislation strictly
against the public entity and in favor of the private actor. For this reason, the
draft regulations for Sierra Leone rely on administrative penalties rather than
criminal offenses, as the latter would need to be adjudicated by the courts, which
are a last resort.
Where the offenses are defined as administrative violations, the power to
find violations is vested in the administrative agency, not a judicial body. In
such systems, the competent authority has the power to punish certain kinds of
violations. Because administrative penalties are imposed outside the judicial
process, the evidentiary standards are lower and criminal court procedures do
not apply. In some circumstances, where permitted, these types of penalty can
be a viable alternative enforcement mechanism, as they can be more cost effec-
tive, timely, and practical than judicially imposed sanctions.
3.3.20. Penalties
Having defined the offenses, the legislation must then outline the applicable
penalties, which may take different forms. These include fines, suspension or
revocation of a certificate, forced closure of a production facility, and destruc-
tion of packaged water products not meeting standards.
It is important to ensure that the level of the penalties is high enough to be
a deterrent while at the same time low enough not to be disproportionate to the
offense committed. In many countries, fines and penalties in legislation are low
or otherwise do not sufficiently deter due to the devaluation of the country's
currency over time. Because the penalties are listed in the main law, they may
remain at the same level for years or decades while their deterrent effect de-
clines due to inflation. One solution, where legally possible, is to list the penal-
ties in a regulation or other subsidiary legislation, as this can be more easily
changed. Another option is to enact a separate law that introduces a multiplier,
i.e., which states that all penalties listed in the parent law are multiplied by 100,
500, or 1,000, as the case may be. Another strategy is to avoid listing specific
penalties in the law but instead to list a range, and to assign to the competent
authority or judge the power to select the appropriate penalty within the listed
range. So long as the upper level is sufficiently high, such a strategy can avoid
the effects of inflation for a number of years, although it may still only be a
temporary solution.
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One innovative solution is to tie the penalties to a neutral economic param-
eter, for instance, the monthly salary of a civil servant of a particular grade.
Thus, a minor offense might be defined as one quarter the monthly salary of a
civil servant at a medium management level, while a serious offense might attract
a penalty equivalent to ten times that same monthly salary. The advantage of
this method is that it does not name particular amounts, and thus the penalties
can be expected to rise over time-assuming that the government eventually
raises its civil servants' salaries. Where this is not a valid assumption, tying the
penalties to a reliable cost-of-living index may be a better solution. Any of these
alternatives could be an improvement over listing a fixed amount in a law where
the value of the country's currency declines over time.
3.3.21. Other provisions
Other provisions in the country's legislative framework for packaged water
should address specific issues such as liability. For example, the provision could
state that inspectors or officials are not liable for anything done in good faith in
the performance of their official functions, such as the destruction of property.
The law may also specify legal presumptions applicable under the law, although
this will depend on the legislative practice of the country, since in some coun-
tries presumptions will be contained in a civil procedure or criminal procedure
law applicable to all proceedings and all legislation. Typical presumptions in-
clude: the presumption that a certificate of analysis signed by the director or
head of an official laboratory is evidence of the facts contained in it; the pre-
sumption that a packaged water product that bears the name and address of a
producer was produced by that person or company; and the presumption that
all the contents of a shipment from which a sample was taken are the same as
the sample.
The legislation should include provisions allowing appeals against negative
administrative decisions of the competent authority. For example, an applicant
for certification of a packaged water product should be granted the right to ap-
peal a negative decision. The law will have to indicate which party or body will
hear the appeal (such as the head of the competent authority, the minister re-
sponsible for enforcement of the law, or a specially created appeals board). In
some jurisdictions the appeals are channeled through the court system.
Another provision to include in packaged water legislation is one that ex-
plicitly refers to any existing legal provisions that are superseded by the new law.
If earlier legislation is being replaced, then the new legislation will either state
that the old legislation is repealed in its entirety, or it may list specific provisions
that are being repealed. The new legislation may also include some transitional
provisions that preserve the validity of certifications granted or regulations is-
sued under the previous legislation, until a specific point in time. It is also rou-
tine to include a clause that renders anything inconsistent with the new law su-
perseded.
Most parliamentary laws include a provision listing the many subject mat-
ters that the minister (or other person in whom the power has been vested, such
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as the head of the competent authority) may address through regulations in or-
der to carry out the purposes of the law. Depending on local practice, the list
of regulations in the law may be extremely detailed or it may simply give broad
outlines of the kinds of topics that may be addressed. In either case, the power
to make regulations is rarely limited since the parent law usually contains a gen-
eral statement that the minister or authority may make all regulations deemed
necessary to achieve the purposes of the law.
Among the topics normally addressed in such subsidiary regulations are
provisions on the organization and functioning of the competent authority es-
tablished in the main law; detailed procedures for the issuance and repeal of
certificates, including the criteria to be used by the competent authority in the
decisions; and how inspectors should go about their work inspecting packaged
water production facilities and taking samples. Regulations may also define the
qualifications of inspectors operating under the packaged water law. Depending
on the subject matter, the competent authority can be assisted in the preparation
of regulations and other subsidiary instruments by technical committees or the
various MDAs involved in regulation of the packaged water industry.
IV. CHANGING THE NATIONAL REGULATORY FRAMEWORK
4.1. REVIEWING EXISTING LAWS AND POLICIES
The preceding part provided general guidelines for what should be ad-
dressed in the national regulatory framework for packaged water. The next step
is to tailor the legislation to national circumstances, as each country must take
into account its legal system, resources, and existing legislation before enacting
any new law or regulations. The format and contents of legislation to govern
the packaged water industry that will be developed or revised in a particular
country depend on a number of factors, explored below.
The first question is what is the fundamental legal text (usually a constitu-
tion) in the country that will underpin legislation governing the packaged water
industry? The constitution, or other fundamental law, sets out the limits of
public power and action, which will affect the provisions establishing the com-
petent authority and giving powers to its officials. In nations with a federal gov-
ernmental structure, the constitution may provide for a division of powers
among the different levels of government. If some of the powers are granted
solely to one level of government, this may affect the assignment of responsibil-
ities within the legislation on packaged water.
Beyond the constitution, it is important to look carefully at existing legisla-
tion in force. Policy makers should analyze the existing legal provisions that can
already be construed to apply to packaged water to identify what changes may
or may not be needed. There may be an existing law that can be interpreted to
cover packaged water, such as a general law on public health or food safety.
There may be other provisions, for example in laws or regulations on environ-
mental protection, food safety, or water resources, that directly or indirectly
cover certain aspects of the packaged water industry. Customs and border pro-
tection legislation, as well as general legislation on import and export, may also
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be relevant in the legislative review. The objective is to identify whether and
what type of new or amended legislation is needed to properly and comprehen-
sively regulate the packaged water industry.
In addition to legislation, a number of policies will guide the development
or revision of a country's legal and institutional framework to regulate packaged
water. For example, many countries have embraced a policy of decentralizing
government responsibilities and devolving powers to provincial or lower levels
of government. The purpose is to ensure public participation in decision-mak-
ing and to promote more effective management of resources, since local au-
thorities are generally more familiar with their regulatory needs and staffing and
other resource constraints than is the central government. In practice, the ex-
istence of a decentralization policy in a particular country might mean that in
any new legislation governing the packaged water industry, it is local authorities
that should be given certain powers, such as the power to inspect, monitor, or
issue certificates. In Sierra Leone, for example, the draft packaged water regu-
lations assign enforcement powers to public health assistants exercising de-
volved power under the decentralization policy.
4.2. IMPLEMENTATION
The assessment of the existing legal and institutional framework should fo-
cus not only on the legislation and policies on the books: it is critical to look at
the implementation of the laws and policies in practice. This is an important
area of inquiry because if the reasons any current legislation governing packaged
water is not enforced are not addressed, then any new laws and regulations are
unlikely to work any better.
Several reasons may explain the gap between the legislation as written and
as applied. In some cases, legislation may not be enforced simply because of a
lack of resources. There are many examples of well-drafted pieces of legislation
that have been enacted without sufficient attention to the country's resources
and its level of development and thus are not enforced. Law makers should be
realistic about the government's ability to fulfill its mandate, taking into account
the fact that inspection services, both at the borders and within the territory, are
often understaffed and lacking in basic infrastructure, such as buildigs, equip-
ment, and vehicles. In addition, where laboratories do exist, they may not have
the appropriate equipment, supplies, or staffing to perform necessary analyses
of packaged water. The effectiveness of legislation may also be compromised
by corruption, a problem that governments may be unable or unwilling to com-
bat. Consultations with governmental and non-governmental stakeholders dur-
ing the legislative and institutional review will bring these issues to light and
guide the discussions on the needs for any new or amended legislation to
strengthen the regulation of the packaged water industry.
Both stakeholders and government officials should be regarded as key
groups whose interests must be considered during the process of elaboration of
the legal and institutional framework for packaged water. Building a consensus
before presenting a draft bill to parliament or draft regulations to a minister can
improve the chances of compliance with and enforcement of the new law. This
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is because broad participation fosters a sense of ownership. Where the law
reflects the perceptions and views of all stakeholders, this generally fosters ac-
ceptance of the law and active pressure for its enforcement, as opposed to in-
difference or passive resistance. By contrast, where legislation is formulated
without consensus-for example due to undue pressure from the packaged wa-
ter industry, or due to one particularly powerful minister pushing the legislation
through-this may undernine implementation.
4.3. OTHER TOOLS FOR IMPLEMENTING CHANGE
Legislation uses a model of command and control, regulating behavior by
establishing norns of conduct, monitoring compliance, and imposing penalties.
The law provides the regulating authorities with adequate powers, allocates re-
sponsibilities, and establishes institutional mandates. A law for the packaged
water industry establishes a system of certification of producers and products.
But legislation can be complemented by other tools to regulate the industry,
such as economic instruments and public-private partnerships.
Economic instruments, which seek to influence behavior through financial
incentives and disincentives, can be used to influence demand and consumer
behavior. Economic instruments achieve compliance by reliance on market
mechanisms and pricing rather than through the imposition of penalties. These
instruments include taxes and charges, subsidies, and fiscal incentives, such as
a deposit on bottles or sachets of water to encourage consumers to return them
to the point of sale, thereby reducing environmental contamination.
Other measures available to governments seeking to improve the regulation
of the packaged water industry include public-private partnerships between gov-
ernment and research institutions, private companies, the packaged water in-
dustry, and NGOs. There are two primary ways to structure participation in
such initiatives: co-regulation and self-regulation. Co-regulation is where the
government provides the legislative framework but entrusts industry and other
stakeholders with the responsibility for setting standards for the industry-within
certain parameters. Such partnerships are usually established through a nego-
tiated process and may consist of voluntary agreements between government
and industry, or between government and other stakeholders.
Self-regulation refers to a system where industry drafts its own codes of con-
duct, which are approved directly by operators in the private sector; these codes
of conduct have regulatory force without direct government involvement. For
example, trade associations of packaged water manufacturers and NGOs may
set up a voluntary scheme to regulate the industry. Sometimes self-regulation is
promoted by government or arises out of negotiations between the government
and private actors; elsewhere, the threat by government to establish a mandatory
scheme-especially one that includes a compliance mechanism with sanctions-
can be a sufficient incentive for a particular industry to establish a voluntary
scheme. Voluntary industry initiatives can be a viable tool complementing gov-
ernment action and improving the regulation of packaged water.
The cross-sectoral nature of packaged water calls for a comprehensive ap-
proach. In countries with limited resources, governments often give serious
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consideration to the adoption of some of these other implementation tools.
However, these should only complement-and not be seen as an alternative to-
the laws and regulations needed to manage the packaged water industry. Leav-
ing packaged water to be governed solely by the market or by industry actors
will lead to unacceptable risks to human health and the environment.
4.4. INTERNAIONAL GUIDANCE
As packaged water is becoming a prominent drinking water source in sub-
Saharan Africa, there is a need to ensure that it is safe for human consumption.
Several relevant US and international standards and guidelines exist that pro-
vide guidance on drinking water quality in general and packaged water quality
in particular. Although international standards are not legally binding, they are
often influential as guidance in the standard-setting process. Key international
guidelines include the Guidelines for Drinking-water Quality," developed by
WHO; packaged and bottled water standards set by the United Nations' CAC;
the Code of Practice of the International Bottled Water Association;" and reg-
ulations issued by the US Food and Drug Administration.3
The CAC, ajoint body of the United Nations Food and Agriculture Organ-
ization ("FAO") and WHO, elaborates harmonized food standards that are rec-
ognized by the World Trade Organization (WTO) through the Agreement on
the Application of Sanitary and Phytosanitary Measures. Most relevant to the
management of packaged water are:
* General standard for bottled/packaged drinking waters (other than
natural mineral waters); 3
* General standard for the labeling of prepackaged food;"
* General principles of food hygiene;' and
* Code of hygienic practice for the transport of food in bulk and semi-
packed food .
For natural mineral waters, the relevant standards are:
* Codex standard for natural mineral waters;" and
* Code of hygienic practice for collecting, processing, and marketing of
natural mineral waters.3
51. WHO, supra note 35.
52. International Bottled Water Association, Bottled Water Code ofPractice (2012).
53. 21 C.F.R. § 129.80 (2016).
54. GENERAL STANDARD FOR BOTTLED/PACKAGED WATERS (OTHER THAN NATURAL
MINERAL WATERS), CODEx ALIMENTARIUS (2001).
55. GENERAL STANDARD FOR THE LABELLING OF PREPACKAGED FOODS (Codex STAN 1-
1985).
56. GENERAL PRINCIPLES OF FOOD HYGIENE (CAC/RCP 1-1969).
57. CODE OF HYGIENIC PRACTICE FOR THE TRANSPORT OF FOOD IN BULK AND SEMI-PACKED
FOOD (Codex/RCP 47-2001).
58. CODEX STANDARD FOR NATURAL MINERAL WATERS, supra note 18.
59. CODE OF HYGIENIC PRACTICE FOR COLLECTING, PROCESSING AND MARKETING OF
NATURAL MINERAL WATERS (CAC/RCP 33-195).
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As governments establish or revise packaged water regulations, they will
need to adapt international and regional guidance for use in their countries
based on what is practical and feasible given their financial resources and insti-
tutional capacity. Simply adopting international standards in their entirety may
create problems as these may not be suitable to the local context and may or
may not address issues in a given country. In addition, they may overburden
national regulatory agencies that have little to no experience or resources to test
packaged water products for all parameters outlined in the international guide-
lines.
V. CONCLUSION
As the prevalence of packaged water continues to expand across sub-Sa-
haran Africa and to other LMICs, national governments will continue to face
the issue of how to effectively regulate these products. Examples from countries
already engaged in regulation can provide insight into the main challenges. As
the three case studies set out in Appendix I demonstrate, effective regulation
incorporates accessible, clear requirements and expectations for producers as
well as distinct roles assigned to the various agencies associated with packaged
water. Although packaged water products can have many negative implications,
including possible low water quality and additional solid waste, the consensus is
that the demand for them will only continue to grow. Therefore, national gov-
ernments and policy makers should maximize the possible benefits of packaged
water through effective monitoring and regulation.
Policy makers should undertake a legislative and institutional review to as-
sess the existing legal framework and determine how to either create or revise
legislation that will cover packaged water products. Regulating the packaged
water industry should be about attaining the highest level of public health and
safety rather than about maximizing government revenue. Collaboration
among the implicated regulatory institutions will conserve resources and in-
crease the effectiveness of regulation of the packaged water industry, to maxim-
ize protection of human health and the environment.
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Focus 1000 and the authors conducted a legislative and institutional review
in Sierra Leone, and national legal experts conducted legislative reviews in two
other sub-Saharan West African countries, Ghana and Nigeria. After this brief
overview, the results from the three country studies follow.
Nigeria has several sets of regulations covering the packaged water industry
while Ghana and Sierra Leone do not. In Sierra Leone, the international and
legal experts determined that the Public Health Act, 1960 ("PHA-SL")' was the
most appropriate piece of parliamentary-level legislation to cover the packaged
water industry. Because no subsidiary regulatory instruments under the Act
specifically address packaged water, the team recommended preparation of a
comprehensive set of regulations to complete the legislative framework for the
regulation of packaged water. In Nigeria, the ambiguity in the definition of
"bottled water" in the National Food and Drugs Administration Control
("NAFDAC") Act has led to a weakness in the ability of NAFDAC to enforce
the regulations with respect to sachet producers. Similar to Nigeria, in Sierra
Leone "drinking water" is not included in the current definition of "food" in the
PHA-SL.' Since packaged water is not explicitly included, it has created confu-
sion among regulatory agencies in Sierra Leone as to whose jurisdiction pack-
aged water falls under.
In Ghana, the overlap in legal mandate between the Food and Drugs Au-
thority ("FDA") and Ghana Standards Authority ("GSA") has led to duplicative
efforts and wasted resources.! The legislative and institutional review in Sierra
1. Public Health Ordinance 1960, Act No. 23 (Sierra Leone).
2. National Agency for Food and Drug Administration and Control Act ("NAFDACA")
(2010), Cap (NI) (Nigeria).
3. See Public Health Ordinance 1960, Act No. 23, § 2 (Sierra Leone).
4. Teshamulwa Okioga, Water Quality and Business Aspects of Sachet-Vended Water in
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Leone revealed similar types of overlap in mandates among the Ministry of
Health and Sanitation ("MoHS"), the Sierra Leone Standards Bureau
("SLSB"), and the Factory Inspectorate ("Fl"), with little collaboration among
them. The regulatory institutions in Sierra Leone perform their roles in paral-
lel, which has resulted in burdensome and duplicative inspections (and inspec-
tion fees) for packaged water producers! Unauthorized institutions are also
participating in certification and regulation, leading to "over-regulation" and dis-
order in the sector.!
The team in Sierra Leone used information collected from the legislative
review and key informant interviews to prepare draft regulations for review by
MoHS. The draft regulations drew upon existing or draft standards, regula-
tions, guidelines, and tools developed by the Environmental Health Directorate
("EHD"), the Pharmacy Board ("PB"), and the SLSB, as well as international
best practices. For the latter, the team incorporated guidance from the Interna-
tional Bottled Water Association, the United States Food and Drug Admin-
istration, and the Codex Alimentarius ("Codex") into the draft regulations and
recommended that MoHS adopt these comprehensive regulations for pack-
aged water products in Sierra Leone. Enforcement of the regulations would be
carried out by the local councils which exercise delegated authority for public
health through the Local Government Act 2004.'
The three case studies exposed common issues governments face in regu-
lating the packaged water industry, and these inform the recommendations con-
tained in this article. Because the results of the legislative and institutional as-
sessment will vary by country, the article does not make specific
recommendations for what type of legislation should be developed. As noted
in section 3.2 of the article, some countries may wish to and may have the po-
litical wherewithal to enact a new parliamentary-level law; others will choose to
elaborate and implement comprehensive regulations to be issued at ministerial
level, as in Sierra Leone. Still other countries may only need to make minor
amendments to existing laws or regulations to ensure that the overall legislative
framework addresses all the key issues arising in the regulation of packaged wa-
ter. The next sections outline, in detail, the issues that came to light in the. review
of the regulatory situation in Ghana, Nigeria, and Sierra Leone.
GHANA
STUDY AREA
With an area of 92,100 square miles and a population of about 25 million,
Ghana is well endowed with water resources, through rainfall, river basins, and
Tainale, Ghana [Masters thesis], Nairobi, Kenya: University of Nairobi, 81 (2007).
5. Ashley R. Williams, Mohamed F.Jalloh, Mohammad B.Jalloh, George Saquee, Samuel
Pratt, Michael B. Fisher,Jessica Vapnek & Yasmin Jusu-Sheriff, Irnpinving the Regulation, Mon-
itoring, and Quality of the Packaged (Sachet and Bottled) Water Industry in Siena Leone; and
Sensitising the Consumer base. Final Report, The University of North Carolina at Chapel Hill
and FOCUS 1000 (2014).
6. See id. at 18-19.
7. Id. at 15.
8. Local Government Act 2004, Act No. 1, §20 (Sierra Leone).
9. This case study was prepared by George Sarpong.
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groundwater." However, the abundant water resources in the country stand in
stark contrast to the level of access to drinking water and sanitation." It is esti-
mated that 88.7% of Ghanaians have access to improved water supplies and
only 18.9% of the population have access to piped, on-plot water supplies."
Lick of adequate infrastructure and problems with service delivery by the water
supply company have provided fertile ground for water vendors and packaged
water." Generally, the large packaged water producers are located in cities and
major urban centers where the municipal water supply (provided by Ghana Wa-
ter Company Limited, GWCL) tends to be more reliable."
REGULATORY STRUCTURE
Regulation of sachet water in Ghana primarily rests with the Food and
Drugs Authority ("FDA") and the Ghana Standards Authority ("GSA"), alt-
hough the Environmental Protection Agency ("EPA") and the District and Met-
ropolitan Assemblies also play a role in regulating the industry.3
The FDA, formerly the Food and Drugs Board, was established through
the Food and Drugs Act, 1992" to control the manufacture, importation, ex-
portation, distribution, use, and advertisement of foods. The Public Health
Act, 2012" ("PHA-G") establishes the FDA as a corporate body whose object
is to provide and enforce standards for the sale of food. The FDA is responsi-
ble for creating standards for food, drugs, and other products, monitoring com-
pliance with the Act through the District Assemblies and other agencies, and
advising the Minister of Health on the measures to protect public health includ-
ing the preparation of regulations."
The FDA operates from a public health perspective and has several pri-
mary concerns related to sachet water: quality of the plastic packaging, quality
of the ink printed on the sachet, and the quality of the water itself." Authorized
officers of the FDA have wide enforcement powers under the Act to enter
premises where "food" is prepared, preserved, packed, stocked, stored, or con-
veyed where they may open and examine food receptacles and books and seize
10. AFRICAN DEVELOPMENT BANK GRoUP, https://www.afdb.org/en/counnies/west-af-
rica/ghana/ (last visited Feb. 27, 2017); WATER RESOURCES COMMISSION, http://vww.wrc-
gh.org/basins/ (last visited Mar. 3, 2017).
11. WHO/UNICEF Joint Monitoring Programme 2017, https://www.wssinfo.org/data-esti-
mates/ (last visited Mar. 3, 2017).
12. Id.
13. See Justin Stoler, John R. Weeks & Giinther Fink, Sachet drinking water in Ghana's
Accra-Tema metropolitan arca: past, present, and future, 2 2J. Water Sanit. Hyg. Dev. 223, 223-
40 (2012); see also Okioga, supra note 4.
14. Stoler, supra note 13, at 6.
15. See Public Health Act 2012, Act No. 851, §§ 80-2 (Ghana); Ghana Standards Authority
Act 1973, Act No. 19731, §§ 1-3; Environmental Protection Agency Act 1994, Act 490, § I
(Ghana); Local Government Act 1993, Act No. 462, §10 (Ghana); see also Stoler, supra note 13,
at 10-12.
16. Food and Drugs Act 1992, Act No. 199, § 27 (Ghana).
17. Public Health Act 2012, Act No. 851, pt. 7 (Ghana).
18. Id. § 82 at 43.
19. Id. §§ 82, 97, 99-100, 103, 105, 127, 132, 149 ("food" includes water).
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and destroy unwholesome, poisonous, and/or adulterated foods." The con-
straints of the FDA in terms of personnel and logistics are such that it cannot
cover the entire country in the exercise of its functions.
Amendments" to the previous Standards Decree, 1973' were incorporated
into the revised Ghana Standards Authority Act, 1973 ("GSA Act")." The Act
established the GSA, whose responsibilities include establishing and promul-
gating standards, examining and testing goods and commodities prohibiting the
sale or manufacture of goods in the national interest, and providing for the reg-
istration and regulation of the use of standard marks."
Under the former Ghana Standards Board, two sets of regulations, the
Ghana Standards [Certification Mark] Rules, 1970 [LI 662]' and the Ghana
Standards [Certification Mark] [Amendment] Rules, 1970 [LI 664]," were en-
acted to prescribe standard certification marks with respect to goods for which
standards have been established. The Ghana Standards [Certification Mark]
Rules, 1970, require any person intending to sell, distribute, or export goods
manufactured in Ghana to have a valid license to use the standard mark, and
the rules also outline requirements for product labeling. Licenses to use the
standard mark are issued after the premises and manufactured goods are in-
spected to ensure they conform to established standards and after payment of
the required annual license fee." The GSA Act provides that every statutory
instrument made under predecessor laws remains in force and therefore, per-
petuates the powers enacted in LI 662 and 664.'
According to the FDA, a mandatory certification mark may only be enacted
for a product if it could cause harm to public health.' Packaged water products,
therefore, do not meet this requirement because GWCL water, which meets
national water quality standards, is used as the raw water for most packaged
water products in Ghana." Therefore, while a certification mark exists in Ghana
for packaged water, the certification process remains predominantly voluntary."
Sachet water falls within the scope of "food" in the law inasmuch as it is for
human consumption and therefore covered by the PHA-G, which defines food
as "water, a food product, a live animal or a live plant, and a substance or a thing
of a kind used, capable of being used or represented as being for use, for human
or animal consumption."" The definition of goods as contained in the various
20. Id. § 135.
21. Standards (Amendment) Decree 1979, A.F.R.C.D. 44 (Ghana).
22. Standards Decree 1973, N.R.C.D. 173 (Ghana).
23. Ghana Standards Authority Act 1973, N.R.C.D. 173.
24. Id. §§ 1, 3.
25. Ghana Standards (Certification Mark) Rules 1970, LI 662, 1-2.
26. Ghana Standards (Certification Mark) (Amendment) Rules 1970, LI 664, 1-2.
27. Ghana Standards (Certification Mark) Rules 1970, LI 662, 1; see also Ghana Standards
Board (Food, Drugs and other Goods) General Labeling Rules 1992, LI 154, 1.
28. Ghana Standards Authority Act 1973, N.R.C.D. 173, § 12.
29. Id. § 26 n. 5.
30. See geneally Public Health Act 2012, Act No. 851, pt. 7 (Ghana) (products subject to
mandatory compliance with standards and needing a certification mark are those that can cause
public harm).
31. Stoler, supra note 13, at 6.
32. Id. at 10.
33. Public Health Act 2012, Act 851, § 149 (Ghana).
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GSA enactments is also wide enough to cover food." Thus, both the GSA and
the FDA have statutory functions in the area of sale, manufacture, exportation,
and importation of foods, including sachet water. It is these provisions that have
become a source of overlap and conflict between the GSA and the FDA.
The Environmental Protection Agency Act, 1994,' established Ghana's
EPA. Amongst its functions is the issuance of environmental permits and no-
tices for controlling the volume, types, constituents, and effects of waste dis-
charges, prescription of standards and guidelines relating to water pollution, and
enforcement of environmental standards.' Officers of the EPA conduct peri-
odic inspections of sachet manufacturing plants and factories to ensure compli-
ance with the EPA Act, in particular, that they are operating with environmental
permits and their activities pose no threat to the environment."3
The Local Government Act, 1993" ("LGA-G") establishes the District and
Metropolitan Assemblies and empowers Medical Officers and Sanitary Inspec-
tors to enforce by-laws relating to public health made by the District/Metropol-
itan Assemblies. Under the regulations made under the LGA-G, District/Met-
ropolitan Assemblies are responsible for inspecting and controlling the
manufacture of "foodstuffs intended for human consumption."
In exercising their power to regulate street food vendors, District/Metropol-
itan Assemblies also required sachet water vendors to obtain and pay for a li-
cense to operate.o The emphasis has thus shifted from the public health and
food safety aspects of regulation to the revenue-generation aspects.
In response to the problem of plastic waste from discarded sachets, numer-
ous solutions have been put forth by both the private and public sectors. In
Accra, Blowplast Industries Limited has initiated a recycling program that pays
for used sachets and black bags." Other solutions, such as a tax on sachets or
requiring the use of biodegradable plastic materials, have been proposed."
However, none of these have been implemented at the national level.
NIGERIA
STUDY AREA
With rich oil resources and a booming economy, Nigeria has seen rapid
growth in recent years." However, only 58% of Nigeria's 160 million people
have access to potable water.' Even where there is access, there is no guarantee
34. See Ghana Standards Authority Act 1973, N.R.C.D. 173, § 25.
35. Environmental Protection Agency Act 1994, § 1 (Ghana).
36. Id. § 2.
37. Id. 1 5.
38. Local Government Act 1993, Act No. 462, §§ 1, 3-5 (Ghana).
39. See Local Government Instrument 2009, LI 1961, § 4(aa) & (bb) (Ghana).
40. See Local Government Act 1993, Act No. 462, § 86(3) (Ghana).
41. Stoler et al., supra note 13, at 1, 4, & 12.
42. Id. at 12.
43. This case study was prepared by Akeem Bello.
44. Deborah Neves, Nigeria GDP Annual Growth Rate, TRADING EcONOMICS (Feb. 28,
2017), http://wwtradingeconomics.com/n igeria/gdp-growth-annual.
45. Ameto Akpe Abuja, Nigeria: President Promises Water, Slashes Budget PULITZER
CENTER (March 31, 2012), http://pulitzercenter.org/reporting/nigeria-president-promises-water-
257Issue 2
WATER LA WREVIEW
of an uninterrupted supply.' Consequently, having recognized the importance
of a low-cost alternative source of drinking water, the Nigerian Government has
allowed the packaged water industry to flourish while endeavoring to regulate it
to protect both public health and the environment."
REGULATORY STRUCTURE
The National Agency for Food and Drug Administration and Control Act
("NAFDACA")," 2001, established NAFDAC." NAFDAC is housed within
the Ministry of Health and is vested with general regulatory powers to control
the importation, exportation, manufacture, and sale of "bottled water."" These
powers extend to conducting tests and ensuring compliance with standard spec-
ifications for bottled water." Additional provisions of NAFDACA empower an
officer of NAFDAC to enter any premises where any article regulated by
NAFDACA is manufactured, prepared, packaged, stored, or sold."
NAFDAC promulgated three regulations pursuant to the provisions of
NAFDACA to provide further details for the regulation of bottled water. These
are the Bottled Water Registration Regulations ("Regulations 1"),' the Bottled
Water Labeling Regulations ("Regulations 2")," and the Bottled Water Adver-
tisement Regulations ("Regulations 3").` Regulations 1 require registration of all
bottled water manufactured, imported, exported, advertised, sold, and distrib-
uted in Nigeria." Regulations 1 also govern registration applications, forms, is-
suance of certificate, validity of certificate, invalidity of certificate of registration,
and demand for the certificate of registration." The Regulations empower
NAFDAC to prohibit any person from carrying out any of the activities regu-
lated by the Act and to impose a fine. In addition, it is an offense under Section
25 of NAFDACA to contravene the provision of any regulations made under
the Act."
While it appears that Regulations 1 create an administrative penalty," Sec-
tion 25 of NAFDACA creates an offence for infraction of the provisions of any
slashes-budget; see also WATER AID NIGERIA, http://wwv.wateraid.org/ng (last visited Feb. 28,
2017) (reporting similar numbers).
46. See Alrica's River Run to 2030: Making Universal Access to Water and Sanitation a Re-
ality, WATER AID NIGERIA, (July 22, 2016) http://wwv.wateraid.org/ng/news/africas-river-run-to-
2030 (last visited Feb. 28, 2017).
47. See M. Adetunji Babatunde & M. Ilias Biala, Externality Effects of Sachet Water Con-
sumption and the Choice ofPolicy Instrwnentin Nigeria: Evidence from Kwara State, J. of Econ.
1: 2, 113, 121-22 (2010).




52. Id. § 2 4(1)(a).




56. BWRR § 1(1).
57. Id. §§ 2-7.




regulation made pursuant to the Act.' This is an inconsistency in the regulatory
framework, because it is doubtful whether a provision of Regulations can im-
pose civil liability for what the Act provides should be an offense.' If the statute
creates an offense, liability can only arise after an offender has been tried in a
court of competent jurisdiction, thereby precluding NAFDAC from imposing
an administrative fine, although the Regulations so provide."
NAFDACA regulates "bottled water," although it does not contain an exact
definition of the tern within its interpretation provisions." This is a significant
gap in the provisions that may be used to challenge the regulatory powers of
NAFDAC, especially in the context of criminal prosecution for violating the
provisions of any of the Regulations. Generally, provisions of statute imposing
criminal liabilities are construed strictly and any ambiguity is resolved against
the State."
The interpretation sections of Regulations 2 and 3 made under NAFDACA
define "bottled water" to mean "any form of processed water packaged for
drinking purposes enclosed in any container."" "Processed" is defined as "pre-
pared or converted from a natural state by subjecting to a special process.""
Arguably, sachet water qualifies as something processed because water has been
prepared or converted from a natural state by subjecting it to a special process.
The word "container" is generally understood to mean a receptacle designed to
contain goods or substances. The sachet used to package water would there-
fore qualify as a container and, consequently, sachet water should be included
under "bottled water" in Regulations 2 and 3. This construction cannot, how-
ever, be used to fill the gap created by the omission to define "bottled water" in
the Act itself.
In addition to NAFDACA, other laws may regulate activities connected
with the production of packaged water. An example is the provision of Section
115 (2) of the Lagos State Water Sector Law 2004," which requires a license
from Lagos State Water Corporation to abstract groundwater for non-domestic
use. Therefore, the Lagos State Water Corporation is responsible for licensing
packaged water producers that use groundwater to manufacture packaged water
products."
In addition to Nigerian federal laws, state laws may govern packaged water
60. NAFDACA § 25.
61. Compare NAFDACA § 25, with BWRR § 8.
62. See NAFDACA § 26 (citing Administration of Criminal Justice Act (2015) pt. 36 (Nige-
ria), http://www.lawnigeria.com/LawsoftheFederation/Administration-Of-Justice-Conmmission-
Act. html).
63. NAFDACA S 31.
64. See e.g., id. § 25.
65. Bottled Water Labclling Regulations (1996) S.1.8, § 17 (Nigeria),
http://www.placng.org/ncw/laws/Nl.pdf; Bottled Water (Advertisement) Regulations (1995)
S. 1.17 § 15 (Nigeria), http://www.placng.org/new/laws/N .pdf.
66. THE FREE DIcrIONARY, http://www.thefreedictionary.com/processed (last visited Feb.
25, 2017).
67. MERRIAM-WEBSTER, https://www.merriam-webster.com/dictionary/container (last visited
Feb. 25, 2017).





premises. For example, local authorities may have power to inspect the clean-
liness and hygienic condition of packaged water premises under State Public
Health Laws."
Item 62 (d) on the Exclusive Legislative List in Part I of the Second Sched-
ule to the Constitution of Nigeria, 1999, conferred on the federal government
(not the states) the power to make laws to regulate the "establishment of a body
to prescribe and enforce standards of goods and commodities offered for sale.""
However, due to the large land area and population of Nigeria, as well as fund-
ing and manpower constraints, the ability of NAFDAC through its zonal state
offices to effectively carry out its regulatory functions is doubtful.
In Nigeria, the cost of registration for a license to produce sachet water is
30,000 Nigerian Naira, roughly $98 US Dollars." The cost of registration is not
prohibitive and is therefore not likely to constitute a disincentive to register.
The total cost of registration for a license to produce bottled water is 50,000
Nigerian Naira."
Public frustration over the plastic waste associated with sachets has resulted
in numerous threats to ban the product." However, to date there is no such
legislation. A recent news article reported that the Ministry of Environment put
forth a draft action plan to ban the use of non-biodegradable plastics within
Nigeria.r To deal with the waste, the plastic is sometimes burned, resulting in
76the release of toxic chemicals into the air.
SIERRA LEONE"
STUDY AREA
Similar to Ghana, Sierra Leone has an abundance of water resources with
160 km' annual renewable water resources. However, the country is still re-
building after a ten-year civil war, and 52.9% of the population was below the
70. Scec.g.,id.§122.
71. Constitution of Nigeria (1999), Second Schedule, pt. 1, ExCLusivE LEGIs. LIST,
lttp://ww.nigria-law.org/ConstitutionOfTheFederalRepublicOfNigeria.htm#ExclusiveLegisla-
tiveList.
72. National Agency for Food and Drug Administration and Control (NAFDAC), Guide-
lines for Registration of Food and Water Manufactured in Nigeria ("Guidelines") § F(2) (Nige-
ria), http://wAww.nafdac.gov.ng/im-
ages/PDFDOCS/Guidelines/FOOD_MANUFACTURERS/GUIDE30_GUIDELINES%20F
OR%20REGISTRATION%200F%20FOOD%20AND%20WATER.pdf; CENTRAL BANK OF
NIGERIA https://www.cbn.gov.ng/rates/ExchRateByCurrency.asp (last visited Feb. 26, 2 017)(re-
porting that the exchange rate between the Nigerian Naira and the US Dollar 305 as of Feb. 24,
2017).
73. Guidelines, supra note 72 S F(3).
74. Stoler et al., supra note 13.
75. Temi Banjo, FG to Ban Pure- Water Sachets, Other Plastics, NIGERIAN MONITOR, Jan.
30, 2014, http://www.nigerianmonitor.com/fg-to-ban-pure-water-sachets-other-plastics/ (last vis-
ited Feb. 25, 2017).
76. See generallv Babatunde and Biala, supra note 47, at 113 (discussing the prevalence of
burning the plastic waste and the corresponding environmental effects including the release of
toxic chemicals into the air).
77. This case study was prepared by Yasmin Jusu-Sheriff.
78. United Nations Food and Agriculture Organization, AQUASTAT, Sierra Leone, availa-
ble at http://www.fao.org/nr/water/aquastat/countries-regions/SLF/ (last visited 4June 2017).
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national poverty line in 2011." While both Ghana and Nigeria are classified as
lower middle-income economies, Sierra Leone is still considered low-income."
In the wake of the war, infrastructures such as municipal water systems are yet
to be restored and fully repaired." Compounded by the deterioration of exist-
ing systems, the increase in urban population has provided a ripe market for
packaged water products." As in other countries, the packaged water business
began with simple cottage industries and has grown in recent years to large cor-
porations that produce numerous packaged water products alongside other fla-
vored drinks.'
REGULATORY STRUCTURE
In Sierra Leone, matters of public health fall under the MoHS.' To protect
the public from unsafe water, the PHA-SL gives the MoHS power to inspect,
sample, and analyze any water that is used, or is likely to be used, in preparation
of food or drink for human consumption.` This section is the primary legal
basis for regulating packaged water producers as the water is "used in prepara-
tion of food or drink for human consumption."' Because the PHA-SL cur-
rently excludes "water" from the definition of "food,"" it should be amended to
eliminate any doubt as to coverage. Section 107(2)(n) of the PHA-SL empow-
ers the MoHS to make rules relating to the selection, protection, and mainte-
nance of water supplies to protect public health across the country."
By virtue of the Local Government (Assumption of Functions) Regulations,
2004," the MoHS has devolved its responsibility to provide and protect access
to safe drinking water to the local councils established by the Local Government
Act, 2004 ("LGA-SL")." These local councils also have powers under the LGA-
SL to make and enforce by-laws to carry out their functions and responsibili-
ties.9
79. Poverty headcount ratio at national poverty lines, THE WORLD BANK,
http://data.worldbank.org/indicator/SI.POVNAI-IClocations-SL (last visited 14 Jan. 2017).
80. World Bank Country and Lending Groups, THE WORLD BANK,
http://data.worldbank.org/about/county-and-lending-groups (last visited 14 jan. 2017).
81. Water Supply and Sanitation in Sierra Leone: Turning Finance into Services for 2015
and Beyond, WATER AND SANITATION PROGRAM (2011),
http://www.wsp.org/sites/wsp.org/files/publica6ons/CSO-sierra-leone.pdf.
82. See Michael B. Fisher, Ashley R. Williams, Mohamed F. Jalloh, George Saquee, Robert
E.S. Bain &Jamie K. Bartram, Microbiological and Chemical QualitvofPackaged Sachet Water
and Household Stored Drinking Water in Freetown, Sierra Leone (2015), available at http://jour-
nals.plos.org/plosone/article?id-10.1371/journal.pone.0131772.
83. See Williams et al., supra note 5, at 15.
84. MINISTRY OF HEALTH AND SANITATION (Sierra Leone), http://health.gov.sl/?pageid-2
(last visited Mar. 6, 2017).
85. See Public Health Ordinance 1960, Act No. 23,. § 93(1) (Sierra Leone).
86. Id.
87. Id. § 2.
88. Id. § 107(2)(n).
89. See Local Government Act 2004, Act No. 1, §§ 20-30 (Sierra Leone).
90. Id. § 20 at 17; Water and Sanitation Program, WATER SUPPLY AND SANITATION IN
SIERRA LEONE: TURNING FINANCE INTO SERVICES FOR 2015 AND BEYOND, 1, 2 (2011),
http://www.wsp.org/sites/wsp.org/files/publications/CSO-sierra-leone.pdf.
91. Local Government Act 2004, Act No. 1, S 90 (Sierra Leone).
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The Standards Decree, 1996," establishes and mandates the SLSB and the
Standards Council to establish, elaborate, and approve standards in respect of
materials and products in Sierra Leone (which includes packaged water). It also
empowers them to conduct tests on materials and products with a view to en-
suring compliance with established national standards." To carry out its statu-
tory functions, the SLSB may enter any premises to obtain samples and infor-
mation and is given power to appoint inspectors for these purposes." The
Standards Decree does not require inspectors to be directly employed by the
SLSB.`
In accordance with Section 16, the Secretary of State may, on recommen-
dation of the Standards Council, impose mandatory standards in respect of any
commodity or product;' such mandatory standards have been imposed in re-
spect of water for human consumption by three existing mandatory standards
in Sierra Leone." Although SLSB has passed four standards related to labeling
and water quality, SLS 4:2010," SLS 21:2010," SLS 22:2010," and SLS
28:2010,"' none of them addresses the quality of the ink and packaging used in
the production of packaged water products.
Section 14 empowers the Secretary of State to create a certification mark
for any specific product and to require producers to submit products for certi-
fication testing to receive a license to print the mark.'" SLSB has yet to enact
this power with regards to packaged water products, although at the time of
publication, the Bureau was in the process of creating and approving such a
mark.'" Environmental Health Assistants, on behalf of the MoHS/local coun-
cils and under the authority of the PHA-SL, carry out inspections of the prem-
ises of packaged water producers to ensure that the premises, storage tanks,
equipment, and machinery used to store, treat, and package are in a clean,
wholesome, and sanitary condition." Despite the directive in the National En-
vironmental Health Policy" that Environmental Health Officers be provided
with water testing kits (which implies that they should use them), Environmental
Health Officers and Assistants who visit the premises of packaged water pro-
ducers do not concern themselves with the quality of the water collected, stored,
and used by the producers. They do not use the procedures set out in Section
93 of the PHA-SL to sample, analyze, or stop cases of suspected polluted water
supply.
92. See Standards Decree 1996 (Sierra Leone).




97. SLSB Standards Database, SIERRA LEONE STANDARDS BUREAU, http://standards-





102. Standards Decree 1996, § 14 (Sierra Leone).
103. Authors' conversation with Mohamed F. Jalloh, June 2017.
104. Public Health Ordinance 1960, Act No. 23, § 93 (Sierra Leone).
105. National Environmental Health Care Policy 2000, § 5 (Sierra Leone) (supplementing the
National Health Policy 1993) (Sierra Leone).
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Some packaged water producers have their water analyzed and certified by
the SLSB on a voluntary basis'" and at their own expense. There are now pub-
lished approved minimum mandatory standards for packaged water issued by
the Standards Council and enforced by the SLSB;m however, these minimum
standards that are applicable to imported as well as locally produced water for
human consumption are not well publicized either within the packaged water
industry or to the wider public."' The SLSB states that it "licenses" the stand-
ards to producers at a cost, but since this requirement is not stated anywhere in
legislation and since only fifteen to twenty producers have become "licensed"
in this manner, it does not appear that this licensing requirement has a legal
basis. It may, in fact, be having the opposite effect of what public policy would
otherwise dictate: the fact that SLSB guards the standards and only issues them
upon payment means that the standards are not widely known.
Previously, the PB, established under the Pharmacy and Drugs Act, 2001,'"'
was performing water quality testing and certifying the quality of packaged water;
however, there is no statutory authority for this and there does not appear to be
any official policy directive from any ministry conferring such powers on the
PB.' Regardless, some packaged water producers continue to pay for this qual-
ity testing and certification, and the PB is reluctant to give up this assumed
power to regulate packaged water products despite having no legal basis for ex-
ercising it"
Section 58 of the Guma Valley Water Company Act" gives Guma Valley
Water Company the authority to carry out inspection visits of packaged water
producers' premises to prevent the use of water fittings that could result in con-
tamination of the water supply. It also authorizes the company to make sure
producers are paying for water at commercial rates."' Although the Ministry of
Water Resources has a laboratory, it does not appear that any testing is actually
taking place for "fittings" or for any potential contamination.
Section 29 of the Sierra Leone Electricity and Water Regulatory Commis-
sion Act, 2011,"' prohibits any person from engaging in the "business of water
production and distribution" unless that person holds a license granted by the
Commission. "Distribution" is not defined in this Act while "water production"
is stated simply as meaning "the harnessing and treatment of water."" As the
law currently stands, the Electricity and Water Regulatory Commission could
also assert a right to license packaged water producers although it has not done
so to date."'
106. See Fisher et al., supra note 82, at 2.
107. See id. at 3; see also Williams et al., supra note 5, at 12.
108. Williams et al., supra note 5, at 18-19.
109. Pharmacy and Drugs Act 2001, § 2 (Sierra Leone).
110. See id.
111. Id. § 55; See Pharmacy Board of Sierra Leone, Guidelines for the Registration and Sachet
of Bottled Water in Sierra Leone (July 16, 2014), lttp://phan-nacyboardl.gov/sl/site/Down-
loads/Guidelines/tabid/316/Itemld/474/Deftault.aspx.
112. Guma Valley Water Company Act 1961, Act No. 3, § 58 (Sierra Leone).
113. Id.
114. Electricity and Water Regulatory Commission Act 2011, S 29 (Sierra Leone).
115. Id. § 1.




The main challenges facing Sierra Leone as it seeks to regulate the pack-
aged water industry are the lack of comprehensive regulations for the industry,
overlapping legal mandates leading to confusion in roles and responsibilities,
and duplicated efforts. One principal legislative gap is the absence of "drinking
water" or "water for human consumption" in the definition of "food" under the
PHA-SL."' This is most likely due to the fact that when the PHA-SL was en-
acted in 1963, there was no packaged water industry in existence nor was it even
anticipated that one would emerge."' There are no comprehensive regulations
by statutory instrument under the PHA-SL covering the modem packaged wa-
ter industry in Sierra Leone. Therefore, while guidelines for producers exist,
there are no tailored requirements for packaged water manufacturers. Com-
prehensive regulations for the packaged water industry would fill the gap in the
current legislative framework.
Under the Standards Decree, SLSB may create national standards and en-
force compliance with them, although the rules and regulations of other agen-
cies do not necessarily refer to the obligation to comply with these standards."'
For example, the PHA-SL, Section 107 empowers the MoHS to create rules
related to sanitary conditions within facilities, hygiene behaviors, processing,
packaging, and labeling of goods for human consumption, but it does not refer-
ence which standards apply.'" However, the existing site inspections and codes
are not consistent with the standards created by the SLSB. Additionally, water
quality standards between the two institutions are inconsistent."'
There are also multiple overlaps related to inspections and sample collec-
tion. The PHA-SL empowers the MoHS to inspect the sanitary and hygienic
conditions of facilities involved in the production of food for human consump-
tion.'" The Factories Act'2' grants power to inspectors of the FI to assess the
sanitary conditions of factories within Sierra Leone.'" Packaged water manu-
facturing facilities meet the definition of "factory" defined by the Factories Act,
meaning both MoHS and FI are legally mandated to regulate the condition of
packaged water facilities.'" Similarly, both the MoHS and SLSB are empow-
ered to collect and analyze samples of products under Sections 33, 93, 111,
112, 113, and 121 of the PHA-SL and Section 4 the Standards Decree, respec-
tively."
117. Sce Williarns et al., supra note 5, at 14-15.
118. See id.
119. See Standards Decree 1996 (Sierra Leone).
120. Public Health Ordinance 1960, Act No. 23, § 107 (Sierra Leone).
121. See Fisher ct al., supra note 82, at 3.
122. Public Health Ordinance 1960, Act No. 23, § 93 (Sierra Leone).
123. Factories Act 1974 (Sierra Leone).
124. Id. § 24.
125. Id. 3.
126. Public Health Ordinance 1960, Act No. 23, §§ 33,93,111, 112, 113,121 (Sierra Leone);
Standards Decree 1996, § 4.
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WATER LAW REVIEW
Access to sufficient quantities of water that is chemically and microbiologi-
cally safe is critical to human health and development.! Nevertheless, in many
developing country settings, families struggle to obtain enough safe drinking wa-
ter.' In addition to using water from piped systems, manual and mechanized
pumps, and surface water sources, an increasing number of individuals in de-
veloping countries are turning to packaged water to meet their basic drinking
water needs.' Packaged water is drinking water that can be sold in shops,
hawked on the street, or delivered to users' homes, and that can be packaged
in plastic bottles, sachets, or bags in a range of sizes.' While some packaged
water manufacturers may adhere to stringent standards of quality, safety, and
hygiene, many lower middle-income countries (LMICs) have little or nothing
in the way of regulatory and monitoring frameworks to ensure the safety of
packaged drinking water products.!
These gaps in the legal and regulatory landscape are a source of significant
concern among national and international organizations dedicated to promoting
human health and development. Although national regulations may be lacking
in many countries, several relevant US and international regulations and stand-
ards exist that provide guidance on drinking water quality in general and pack-
aged water quality in particular. (Although US standards have no international
force, they are often influential in the process of setting standards in other coun-
tries.') These include drinking water standards set by the World Health Organ-
ization (WHO), the European Union,' and the US Environmental Protection
Agency," as well as packaged and bottled water standards set by the UN's Codex
Alimentarius Commission," the International Bottled Water Association,2 the
EU, and the US Food and Drug Administration. A few relevant standards
2. WHO, GUIDELINES FOR DRINKING-WATER QUALTY 1 (4th ed. 2011).
3. Justin Stoler, Gunther Fink, John R. Weeks, Richard A. Otoo, Joseph A. Ampofo &
Allan G. I Hill, When urban taps run dry: sachet water consumption and health eftcts in low
income neighborhoods ofAccra, Ghana, 18 Health Place 250-62 (2012).
4. Annette Prass, David Kay, Lorna Fewtrell & Jamie Bartram, Estimating the burden of
disease fom water, sanitation, and hygicne ata global level, 110 Env. Health Perspect. 537, 537-
42 (2002).
5. Ayokunle Christopher Dada, Packaged Water: Optimizing Local Processes for Sustain-
able Water Delivery in Developing Nations, 7 Global Health (2011), available at
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3161851/.
6. Benjamin Spears Ngmekpele Cheabu & James Hawkins Ephraim, Sachet Water Quality
in Obuasi, Ashanti Region, Ghana, 4J. Biology, Agriculture and Healthcare 37, 38 (2014); A.A.
Ajayi, M.K.C. Sridhar, L.V. Adekunle & P. Oluwande, Quality of Packaged Waters Sold in Iba-
dan, Nigeria, 11 AfricanJ. Biomed. Research 251, 253 (2008).
7. WHO, supra note 2, at xix.
8. Id.
9. Council Directive 98/83, 1998 OJ. (L 330) (EC).
10. National Primary Drinking Water Regulations, 40 C.F.R. § 141 (2001).
11. General Standard for Bottled/Packaged Waters (Other thn Natural Mineral Waters),
Codex Alimentarius (2001); Codcx Standard for Natural Mineral Waters, Codex Alimentarius
(1981).
12. International Bottled Water Association, Bottled Water Code ofPractice (2012).
13. International Water Association, Compendium of Water Quality Regulatory Frane-
works: Which Water for hich Use (2016), available at http://www.iwa-network.org/filemanager-
uploads/WQCompendium/Narrative-by-sections/02_Partfo201.pdf.
14. Processing and Bottling of Bottled Drinking Water, 21 C.F.R. § 129 (1977).
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and guidelines are summarized in Table 1. Of particular interest are microbi-
ological safety standards. This is because although contamination by harmful
chemicals can pose significant health risks, severe chemical contamination of
packaged water tends to occur infrequently, while microbiological contamina-
tion is a higher-frequency occurrence (see Tables 3 and 4 below).
Table 1. Selected national and international standards and guidelines for drink-
ing water and packaged water products
Drinking Water Bottled Water
Parameter WHO EU USEPA Codex Codex IBWA US




E. coli <1 0 <1 Same as Same as <1 <2.2
(CFU/100 WHO WHO
mL)




Arsenic 0.010 0.010 0.010 Same as 0.010 0.010 0.010
(mg/L) WHO
Chlorine N/A N/A 4.0 Same as N/A 0.10 4.0
(mg/L) WHO
Fluoride 1.5 1.5 4.0 Same as 1.5** 1.4- 1.4-
(mg/L) WHO 2.4* 2.4*
Iron (mg/L) N/A 0.2 0' N/A Same as N/A 0.3' 0.3'
WHO
Lead 0.010 0.010 0.015 Same as 0.010 0.005 0.005
(mg/L) WHO
Manganese 0.4 0.050' N/A Same as 0.4 0 .0 5 f 0.05f
(mg/L) WHO
Nitrate-N 50 50 10 Same as 0.050 10 10
(mg/L) WHO
TDS N/A N/A N/A Same as N/A 500' 500'
(mg/L) WHO
Reference [1] [2] [3] [4] [5] [6] [7]
*Depending on local temperatures. **Warning label required if this concentration is exceeded.
Aesthetically-based standards not related to health concerns
N/A: This parameter is not regulated under the applicable standards or guidelines
Due to the rapid growth of the packaged water industry worldwide, there is
limited information available on the prevalence and safety of packaged drinking
water products in developing countries. However, the available research, as
well as firsthand observations and correspondence, suggests that the use of pack-
aged drinking water is prevalent and growing rapidly. Given the significant
health impacts that the quantity and quality of available drinking water can have,
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it is therefore reasonable to assume that the widespread consumption of pack-
aged drinking water has the potential to dramatically affect human health; how-
ever, the nature and extent of these effects are unknown. The use of a quanti-
tative risk assessment framework may prove helpful in determining the impact
of packaged water. The health risks associated with consumption of packaged
water depend on the level of exposure that an individual has to packaged water,
as well as the risk associated with a given exposure event. Moreover, we can
reasonably assume that the consumption of packaged water displaces the con-
sumption of drinking water from other sources. Thus, any risks associated with
consuming packaged water must be interpreted in the contexts of risks from the
user's alternative drinking water source(s).
To date, few studies have taken a rigorous and quantitative approach to
understanding the prevalence, safety, and health impacts of packaged water
products in developing countries. In this review, we summarize findings from
selected quantitative and qualitative packaged water studies to date, and discuss
both the major trends observed in these studies and the significant remaining
gaps in the current literature.
I. METHODS
The authors perfored a literature search in four major health sciences
databases for terms related to packaged drinking water and potential health out-
comes associated with the consumption of contaminated drinking water. The
search was limited to peer-reviewed publications written in English. The search
was conducted in spring 2013. A total of 8,854 results were obtained from this
search (Table 2). In addition, references obtained from the bibliographies of
search results, or recommended by colleagues, were also included. From this
set of results, a sample of relevant articles was selected at the authors' conven-
ience. Articles were selected on the basis of relevance, location (with preference
given to studies conducted in LMICs), sample size (for quantitative studies), and
publication date, since the packaged water industry has grown and changed dra-
matically in the past ten to twenty years, particularly in developing countries.
Additional relevant articles were added from searches of the bibliographies of
included papers and from previous knowledge. Limited data extraction and
analysis was perforned using Microsoft Excel (Microsoft, Redmond, WA).
Only studies that tested ten or more packaged water samples were included in
the basic meta-analysis. Studies only reported results by brand rather than by
samples, and two studies that collected samples from households were excluded
from meta-analysis.
15. Shelley Holt, A Survey of Water Storage Practices and Bcliefs in Households in Bonao,
Dominican Republic in 200.5 IThesisi, Georgia State University (2009); Samira Ibrahim Korfali
& Mei jurdi, Provision of safe domestic water for the promotion and protection ofpublic health:
A case study of the city of Beirut, Lebanon, Eny. Geochem. Health 31:2, at 283-95 (2009).
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Table 2. Search results from health databases reviewed for this study
Database Records
Biosis Citation Index 4,139
Global Health Library 916
Pubmed 1,904
Web of Science 1,895
I Total Records Systematic Search 8,854
Included Records A158
II. RESULTS
2.1. PREVALENCE OF PACKAGED WATER
Several studies underline the importance of packaged water as a drinking
water source in developing countries. While bottled water has long been avail-
able worldwide, the phenomenon of sachet water, i.e., drinking water sold in
sealed plastic bags or pouches usually in servings of 300-500 mL, is a recent and
rapidly growing phenomenon, with particularly rapid growth in West Africa."
By all accounts, packaged drinking water consumption rates have increased at
a staggering rate over the past decade, particularly in urban developing country
settings. A study of Demographic and Health Survey (DHS) data in the Greater
Accra metropolitan area of Ghana found that the percentage of people using
sachet water as their primary drinking water source increased from 5% in 2003
to 35% in 2008.1 Another recent study by the same group found that 47% of
respondents in Accra, Ghana, reported using sachet water as their primary
drinking water source, and that sachet water use was highest among the poorest
families in the city. While the DHS survey does not yet contain a question
specifically mentioning sachet water, it shows rapid growth of bottled water con-
sumption in arid countries. Jordan's use of bottled water as a primary drinking
water source grew from 0.3% in 1997 to over 31% in 2009." (See Figure 1.)
Similarly, 57% of Dominicans reported using bottled water as their main drink-
ing water source in 2007.'
16. Justin Stoler, John R. Weeks & Giinther Fink, Sachet drinking water in Ghana's Accra-
Terna metropolitan area: past, present, and future, 2J. Water Sanit. Hyg. Dev. 332 (2012).
17. Id. at 4.
18. Id.
19. Macro International Inc., Jordan: Population and amily Health Survey 1997 (1997);
ORC Macro, Jordan: Population and Family Health Survey 2002 (2002); Macro International
Inc., Jordan: Population and Family Health Survey 2007 (2007); ICF Macro,.jordan: Population
and Family Health Survey 2009 (2009); Macro International, Inc.,Jordan: Population and Family
Health Survey 2012 (2012).
















1997 2002 2007 2009 2012
Year
Data from DHS surveys 1997-2012.
Other academic studies have documented high prevalences of packaged
water, as well as high per-capita consumption rates. A recent study of poor
urban communities in Lebanon and Jordan reported 26% and 53% of house-
holds, respectively, used bottled water as their primary drinking water source
with an average consumption of 0.31 and 5.5 I/capita/day, respectively." In a
survey of 200 bottled water consumers in Dar es Salaam, Tanzania, the average
consumption rate was 0.25 to 1.5 L/capita/day."
In a survey of 137 sachet water consumers in Nigeria, 58% of respondents
drank 2-4 sachets (1-2 L) per day while 28.2% drank five or more sachets (>2.5
L) daily." These consumption rates represent 25%-85% of the daily quantity of
drinking water recommended by the WHO to maintain proper hydration for
adults (2.0-2.9 L for adult females and males, respectively).
2.2. LABELLING OF PACKAGED WATER
In some countries, national standards or regulations require packaged water
producers to display certain information on their products' labels. The manda-
21. M.A. Massoud, R. Maroun, H. Abdelnabi, I. I. Jamali & M. El-Fadel, Public perception
and economic implications of bottled water consumption in underprivileged urban areas,
Environ. Monit. Assess. 185:4, at 3093-102 (2013).
22. Gabriel R. Kassenga, The health-related microbiologicai quality ofbottled drinking water
sold in Dar es Salaam, Tanzania, J. Water and Health 5:1, at 179 (2007).
23. Olufemi Opatunji & Francis Odhiambo, "35th WEDC International Conference,
Loughborough, UK, 2011 The Future of Water, Sanitation and Hygiene: Innovation, Adaptation
and Engagement in A Changing World," Consumption practices and user perception of an
emeiging alternative drinking water option (sachet water) in Ibadan, Nigeria, at 1-8 (2011).
24. Guy Howard & Jamic Bartram, Domestic Water Quantity, Service Level and Health,
World Health Organization (2003), available at http://www.who.int/watersanitationhealth/
diseases/WSHO3.02.pdf
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tory information varies from country to country, but most require sufficient in-
formation to inform the consumer about the legitimacy of the product and how
to contact the manufacturer with concerns or complaints. Table 3 shows the
different packaged water product labelling requirements from Nigeria, Ghana,
and Lebanon.
Multiple Nigerian studies have demonstrated wide noncompliance with re-
gard to product labelling, specifically manufacture and expiration dates and
batch numbers.' One Nigerian study of 20 brands found only two had a
NAFDAC number and three displayed a manufacturer's name and address.'
Similarly, a study of sachet water products in Accra, Odumase-Krobo, and
Nsawam, Ghana, found none of the labels contained manufacture dates, expi-
ration dates, or batch numbers, although slightly more than half of the labels
included a Ghana Food and Drugs Board number (56%)." A study of packaged
water sold in Lebanon revealed that only 31% of the 32 brands examined were
licensed by the Ministry of Health and none of these contained batch numbers.'
The study also reported some products were labeled incorrectly as 'mineral' or
'natural' even though they did not meet the definitions set by the national regu-
latory agency. In contrast, one study in Sri Lanka reported a high percentage
(87%) of bottled water labels contained a registration number from a national
authority, while 73% of product labels displayed the required certification from
the Sri Lanka Standards Institution on their label.' In addition to the problem
of product labels not containing the required information, some studies found
product composition labels were not consistent or were incorrect with regard to
the actual mineral/chemical content."o
25. A. Christopher Dada, Sachet water phenomenon in Nigeria: Assessment of the potential
health impacts. Afr. J. Microbiol. Res 3:1, 15-21 (2009); Olusegun A. Olaoye & A.A. Onilude,
Assessment ofmicrobiological quality of sachet-packaged drinking water in Western Nigeria and
its public health significance, Public Health 123:11, at 729-34 (2009);Janeel Muazu, A. Muham-
mad-Biu & G.T. Mohammed, Microbial Qualitv ofPackaged Sachet Water Marketed in Maidu-
guri Metropolis, North Eastern Nigeria, British J. of Pharmacology & Toxicology 3:1, at 33-38
(2012).
26. Jones Ndubuisi Nwosu & Chika Ogueke, Evaluation of sachet water samples in Owerri
metropolis, Niger. Food J. 22, at 164-70 (2004).
27. M. Ackah, A.K. Anim, E.T. Gyamfi, J. Acquah, E.S. Nyarko, L. Kpattah, S.E. Brown,
J.E.K. Hanson, J.R. Fianko & N. Zakaria, Assessment of the quality ofsachet water consumed in
urban townships of Ghana using phvsico-chemical indicators: A preliminary study, Advances in
Applied Science Research 3:4, at 2120-27 (2012).
28. L.A. Semeiljian, Quality assessment of various bottled waters marketed in Lebanon,
Environ. Monit. Assess. 172:1-4, at 275-85 (2011).
29. A.T. Herath, C.L. Abayasekara, R. Chandrajith & N.K.B. Adikaram, Temporal variation
of microbiological and chemical quality of noncarbonated bottled drinking water sold in Sri
Lanka, J. Food Sci. 77:3, at 160-64 (2012).
30. Semeijian, supra note 28, at 275-85; S.N. Mahmood, I.U. Siddiqui, L. Sultana & F.A.
Khan, Evaluation of Chemical and bacteriological quality of locally produced bottled water, J.
Chem. Soc. Pak. 26:2, at 185-90 (2004).
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Table 3. National requirements for information contained in packaged water (PW)
product labeling from different countries
Nigeria Ghana Lebanon
Brand name X
PW type (mineral, natural or table) X
Water source X
Producer location X X
Producer contact information X
Country of origin X
Batch number X X X
Manufacture date X X X




Treatment method (if table water) X




References [8] [91 [10]
2.3. SAFETY OF PACKAGED WATER
Given the widespread use of packaged drinking water in developing coun-
tries, there is significant concern about its safety for human consumption. Many
studies have sought to characterize the bacteriological, chemical, and radiologi-
cal safety of bottled water and sachet water, although relatively few have investi-
gated the safety of packaged water products with respect to contamination from
viruses, parasites, and radioisotopes. Likewise, the effects of packaged water on





Most of the studies examining the microbial quality of sachet water products
were from Ghana and Nigeria, although studies were also identified from Co-
lombia, India, and Tanzania." Table 4 contains the percentage of positive sa-
chet samples reported from studies for total coliforms, fecal coliforms, and E.
coli. A brief meta-analysis of the studies shows that, across all study locations,
35% of sachet water samples tested for total colifonns were found to be positive,
while fecal coliforms and E. coli were found in 21% and 8% of all samples,
respectively.
31. Kassenga, supra note 22, at 179;Jhon Vidal D., Adolfo Consuegra S., Luty Gomescaseres
P. & Jose Marrugo N., Asscssment of tie Microbiological Quality of Watcr Packed in Bags
Manufactured in Sincelejo - Colombia, Revista MVZ C6rdoba 14:2, at 1736-44 (2009); S.
Sumathy, R. Gowrisankar & S. Ramesh, Bacteriological evaluation of marketed mineral water, in
WATER POLLUTION - ASSESSMENT AND MANAGEMENT 224-27 (2004).
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Table 4. Percentage of samples positive for various microbiological contaminants in
sachet water samples
Percentage of samples >1 CFU/100mL
PW Sample Nur- Total coli- Fecal coli- Refer-Country . ber of E. colitype location forms forms ence
samples
Ghana SH N/A 48 100% 100% [11]
Ghana SH PWMF 15 100% 7% [12]
Ghana SH POS 40 43% 23% [13]
Nigeria SH POS 30 30% 20% [14]
Nigeria SH POS 48 98% 71% 17% [15]
Nigeria SH POS 70 100% 71% [16]
Nigeria SH POS 29 100% 97% 97% [17]
Colom- PWMF/P
biS os 39 10% [18]bia OS






































































































Nigeria S POS 60 100% 5% [431
Nigeria S POS 15 20% 0% [44]
Nigeria S POS 80 16% [45]
Nigeria S N/A 10 20% 10% [46]
Tanzania S POS 50 18% 8% [47]
India S N/A 10 0% 0% [48]
Total 1823 1587 1238
samples
Totalposti 644 333 99
positive
% posi- 35% 21% 8%
tive
In the reviewed studies, hand-tied sachets were more frequently contami-
nated than machine-filled sachets. Studies of hand-tied sachet water products
frequently reported high percentages of positive samples for total colifonis,
with four studies reporting 100% of samples contained total coliforns." The
lowest percentage of hand-tied sachet water samples (30%) with total coliforms
was reported by a Nigerian study." For fecal coliforms, four out of five studies
reported >75% of hand-tied sachet samples were positive," while one reported
that 23% of samples were positive.' For E. coli, the percentage of positive sam-
ples ranged widely from 7% to 97%.'
Overall, for machine-filled sachets, the percentage of positive samples for
total coliforms, fecal coliforns, and E. coli varied widely. The median reported
percentages of positive samples for total coliforns, fecal coliforms, and E. coli
were 21%, 2%, and 3%, respectively. Four studies did not detect total or fecal
coliforms in any sachet water samples, with one of the three also reporting no
detectable E. coli in any of the samples.i In contrast, four other studies, all
32. Emmanuel 0. Oyelude & Solomon Ahenkorah, Quality of Sachet Water and Bottled
Water in Bolgatanga Municipality of Ghana, Research J. of Applied Sciences, Engineering and
Technology 4:9, at 1094-98 (2012); Teshamulwa Okioga, Water Quality and Business Aspects
of Sachet-Vended Water in Taunale, Ghana [Masters thesis], Nairobi, Kenya: University of Nai-
robi, 81 (2007); A.B. Olayemi, Microbial potability of bottled and packaged drinking waters
hawked in Ilorin metropolis, Int. J. Environ. Health Res. 9, at 245-48 (1999); J.K. Oloke,
Microbiological analysis of hawked water, African J. Sci. 1:1, at 22-28 (1997).
33. Ajayi et al., supra note 6, at 251-58.
34. Oyelude & Ahenkorah, supra note 32, at 1094-98; Olayemi, supra note 32, at 245-48;
Oloke, supra note 32, at 22-28; C.C. Anunobi, A.T. Onajole & B.E. Ogunnowo, Assessment of
the quality of packaged water on sale in Onitsha Metropolis, Nig. Quarterly J. Ilosp. Med. 16:2,
at 56-59 (2006).
35. K. Obiri-Danso, A. Okore-Hanson & K. Jones, The microbiological quality of drinking
water sold on the streets in Kumasi, Ghana, Lett. Appl. Microbiol. 37:4, at 334-39 (2003).
36. Okioga, supra note 32; Oloke, supra note 32, at 22-28.
37. Sumathy et al., supra note 31, at 224-27; Irwin A. Akpoborie & Ayo Ehwarimo, Quality
of packaged drinking water produced in Wauri Metropolis and potential implications for public
health, .1. Environ. Chem. Ecotoxicol. 4:11, at 195-202 (2012); Eric Danso-Boateng & Isaac K.
Frimpong, Quality analysis ofplastic sachet and bottled water brands produced or sold in Kumasi,
Ghana, Int. J. Dev. Sustain. 2:4 (2013); J.K. Ahimah & S.A. Ofosu, Evaluation of the quality of
sachet water vended in the NewJuaben municipality of Ghana, Int. J. Water Resour. Environ.
Eng. 4:5, at 134-38 (2012).
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from Nigeria, found 100% of samples were positive for total coliforms." The
majority of studies reported 10% or less of samples were positive for E. coli,
although three studies reported 16%-18% of samples contained E. coli." There
was one outlier study from Nigeria that reported 87% of samples were positive
for E. coli."
With regards to aerobic bacteria (via heterotrophic plate count, HPC), nu-
merous studies reported high percentages of positive samples. Two studies of
sachet water, one in Ghana and another in Nigeria, found all 180 samples to be
positive for HPC." Two other Nigerian studies, one from Amassoma and an-
other from Ibadan and Ile-Ife, detected HPC in all brands tested." Another
study of sachet water in Sincelejo, Colombia, found 59%o of samples to be pos-
itive for HPC.'
Numerous studies detected enterococci in sachet water samples, although
it was typically detected less frequently than total coliforns. One study in Ogun
State, Nigeria, reported 13% of 90 samples were positive for enterococci; how-
ever, a higher percentage of samples were positive for Staphylococcus albus
(42%), Klebsiella spp. (31%), and Micrococcus spp. (31 %).` A study by Egwari,
et al. (2005) in Lagos, Nigeria, and another study by Tagoe, et al. (2011) in Cape
Coast, Ghana, reported 11% and 20% of samples were positive for enterococci,
respectively. One study from Nigeria detected enterococci in two out of 20
brands.' In contrast, a study from Kumasi, Ghana, did not detect enterococci
in any of the 88 sachet water samples.
38. Oloke, supra note 32, at 22-28; V. Ante, A. Shehu & K. Musa, Microbial and chemical
potability of packaged drinking water sold in Kaduna, Nigeria, Eur. J. Sci. Res. 18:2, at 201-09
(2005); Yakubu B. Ngwai, Adebukola A. Sounyo, Siveofori M. Fiaberna, Geoffrey A. Agadah &
Tarnunobelema 0. Ibeakuzie, Bacteriological safety of plastic-bagged sachet drinking water sold
in Amassomna, Nigeria, Asian Pac. J. Trop. Med. 3:7, at 555-59 (2010); A.K. Onifade & R.M.
Ilori, Microbiological analysis of sachet water vended in Ondo State, Nigeria, Environ. Res. J.
2:3, at 107-10 (2008).
39. Mudasiru lyanda Ornowale Raji, Yke Ibrahim & Jo Ehinmidu, Bacteriological quality of
public water sources in Shuni, Tambuwal and Sokoto towns in North-Western Nigeria, J.
Pharmacy and Bioresources 7:2, at 55-64 (2010); Maimuna Waziri, Assessment of the microbial
quality of sachet water in Damaturu-Yobe State, Nigeria, J. Asian Sci. Res. 2:2, at 76-80 (2012);
Daniel Nii Aryee Tagoe, Ilubert Danquah Nyarko, S.A. Arthur & E.A. Birikorang, A Study of
antibiotic suspectibility pattern of bacteria isolates in sachet drinking water sold in the Cape Coast
Metropolis of Ghana, Res.J. Microbiol. 6:2, at 153-58 (2011).
40. Oloke, supra note 32, at 22-28.
41. Olaoye & Onilude, supra note 25, at 729-34; Obiri-Danso et al., supra note 35, at 334-
39.
42. Ngwai et al., supra note 38, at 555-59; Olaoluwa Oyedeji, P.O. Olutiola & M.A.
Moninuola, Microbiological quality of packaged drinking water brands marketed in Ibadan
metropolis and Ile-Ife city in South Western Nigeria, African J. Microbiology Research 4:1, at
96-102 (2010).
43. Jhon Vidal etal., supra note 31, at 1736-44.
44. F.A. Olajubu & D.A. Mope, Bacteriological assessment of 'pure water' samples in Ogun
State ofNigeria, Niger. .1. Heal. Biorned. Sci. 6:2, at 45-48 (2007).
45. Tagoe et al., supra note 39, at 153-58; L.O. Egwari, S. Iwuanyanwu, C.I. Ojelabi, 0.
Uzochukwu & W.W. Effiok, Bacteriology ofsachet water sold in Lagos, Nigeria, East Afr. Med.
J. 82:5, at 235-40 (2005).
46. Oyedeji et al., supra note 42, at 96-102.




Overall, bottled water samples tended to have lower rates of microbiologi-
cal contamination than sachet water samples. Table 5 contains the percentage
of positive samples reported from studies for total coliforms, fecal coliforms,
and E. coli. A brief meta-analysis of studies showed total coliforms, fecal coli-
forms, and E. coli were found in 9.5%, 3.5%, and 3.0% of all samples, respec-
tively.




PW Sample Number of Total coli- Fecal coli- Refer-Country E. Coli
type location samiples forms forms Cince
Brazil Bottle N/A 26 0% 0% [49](20-L)
Brazil Bottle N/A 15 0% 0% [50]
o(20)
Brazil Bottle POS 60 0% 0% [51](20-L)
Brazil Bottle POS 47 15% 0% [52](20-L)
Bottle
Iraq (20-L) P0S 12 25% [54]
Mexico Bottle
Mexico (20-L) N/A 185 34% 3% [55]
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Brazil Bottle POS 20 5% 0% [74]
Brazil Bottle POS 70 0% 0% [75]
Brazil Bottle POS 50 0% 0% [76]
Brazil Bottle POS 120 38% 10% [77]
Brazil Bottle POS 108 6% 5% [78]
Brazil Bottle POS 10 10% [79]
Brazil Bottle POS 74 8% [80]
Brazil Bottle POS 264 0% 0% [81]
Brazil Bottle POS 179 1% 0% [82]
Egypt Bottle N/A 22 9% 9% [83]
Egypt Bottle POS 25 0% [84]
Egypt Bottle POS 84 29% 0% 0% [85]
Ethiopia Bottle PWMF/P 108 7% 0% [86]
Fiji Bottle POS 100 7% [87]
Ghana Bottle N/A 96 0% [88]
Ghana Bottle POS 70 0% 0% [89]
Ghana Bottle POS 45 0% 0% [90]
India Bottle N/A 23 4% 4% [91]
India Bottle N/A 26 0% 0% [92]
India Bottle N/A 11 0% 0% [93]
India Bottle POS 10 10% 10% [94]
India Bottle POS 105 10% [95]
India Bottle POS 90 3% 3% [96]
India Bottle POS 15 27% 13% [97]
Iran Bottle PWMF 304 3% [98]
Iran Bottle POS 90 0% 0% [99]
Iran Bottle POS 35 14% 0% 0% [100]
Iran Bottle POS 68 0% 0% [101]
Iran Bottle POS 75 0% 0% [102]
Iran Bottle POS 21 0% 0% [103]
Iraq Bottle POS 30 3% [104]
Lebanon Bottle POS 65 0% [105]
Mexico Bottle N/A 80 3% 1% [106]
Nepal Bottle N/A 30 63% [107]
Nigeria Bottle PWMF/P 12 0% 0% [108]
Nigeria Bottle POS 10 0% 0% [109]
Nigeria Bottle POS 21 0% [110]
Nigeria Bottle POS 90 0% [111]
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Pakistan Bottle N/A 20 20% 10% [112]
Pakistan Bottle N/A 24 8% [113]
Pakistan Bottle POS 187 11% 0% 6% [114]
Pakistan Bottle POS 23 35% 4% [115]
South Af- Bottle POS 10 0% 0% [116]
rica
SriLanka Bottle N/A 27 19% 15% [117]
Sri Lanka Bottle POS 66 6% 5% [118]
Sri Lanka Bottle POS 34 53% 15% [119]
Taiwan Bottle POS 136 0% [120]
Tanzania Bottle POS 80 4% 0% [121]
Turkey Bottle N/A 26 15% 0% [122]
Zimbabwe Bottle POS 60 12% 8% [123]
Total number of sam- 3934 2395 2077
ples
Total number of posi- 419 80 59
tive samples
Percentage of samples 11% 3% 3%
(total)
The percentage of samples testing positive for total coliforms ranged from
0-100%, with a median of 5%. Of the 70 reviewed studies that tested bottled
water for total coliforms, 66% of studies reported less than 10% of samples were
contaminated with total coliforms. The ranges of samples positive for fecal col-
iforis and E. coli were 0-60% and 0-41%, respectively. The majority of studies
(64%) did not detect fecal coliforms in bottled water samples, and similarly 63%
of studies did not detect E. coli in bottled water samples. Studies of bottled
water products from Bangladesh reported high percentages of samples positive
for total coliforns, fecal coliforms, and E. coli compared to studies from other
locations.
Only seven included studies tested larger bottled water (20-L, re-useable
bottles), five of which were from Brazil." Larger bottled water samples were
48. Saiful Islam, Housne A. Begum & Nilufar Ycasmin Nili, Bacteriological Safety
Assessment of Municipal 7ap Water and Quality ofBottle Water in Dhaka City: Health Hazard
Analysis, Bangladesh J. Med. Microbiol. 4:1, at 9-13 (2010); M.R. Khan, M.L. Saha & A.H.
Kibria, A bacteriological profile of bottled water sold in Bangladesh, World J. Microbiol.
Biotechnol. 8:5, at 544-45 (1992); W. Ahmed, R. Yusuf, 1. Ilasan, W. Ashraf, A. Goonetilleke,
S. Toze & T. Gardner, Fecal indicators and bacterial pathogens in bottled water from Dhaka,
Bangladesh, BraziliaiJ. Microbiol. 44:1, at 97-103 (2013).
49. Maria Fernanda Falcone-Dias & Adalberto Farache Filho, Quantitative vanations in
heterotrophic plate count and in the presence of indicator microorganisins in bottled mineral
water, Food Control 31:1, at 90-96 (2013); Maria Fernanda Falcone-Dias, Guilherme L. Emerick
& Adalberto Farache-Filho, Mineral water: a microbiological approach, Water Sci. Technol.
Water Supply 12:5, at 556 (2012); R.M.B. Franco & R. Cantusio Neto, Occurrence of
cryptosporidial oocysts and giardia cysts in bottled ninerd water connercialized in the city of
Canpinas, State of Silo Paulo, Brazil, Mem. Inst. Oswaldo Cruz 97:2, at 205-07 (2002); Andre
Venturini Pontara, Christianne Dezuani Dias de Oliveira, Amir Horiquini Barbosa, Rafael
Aparecido dos Santos, Regina Helena Pires & Carlos Henrique Gomes Martins, Microbiological
monitoring of mincral water commercialized in Brazil, Brazilian J. Microbiol. 42:2, at 554-59
278 Volume 20
REVIEW OF PA CKAGED DRINKING WA TER
more frequently positive for total coliforms (20% of samples), but less frequently
contaminated with fecal coliforms (2% of samples) and E. coli (1% of samples)
compared to smaller bottled water. However, there were very few studies of
larger bottles with only three that measured fecal coliforms," and three other
studies measured E. coli.'
Aerobic bacteria (via HPC) were detected in bottled water more often than
other microbial contaminants. Studies by Obiri-Danso, et al. (2003) in Ghana,
Ehlers, et al. (2004) in South Africa, and Ogan (1992) in Nigeria all found high
frequencies of contamination of bottled water with aerobic bacteria (via HPC),
but did not detect total coliform or fecal coliform bacteria in any samples." Ad-
ditional studies from Tanzania, Lebanon, and Nigeria reported high percent-
ages of positive samples (or brands) for HPC."
Enterococci was not frequently tested in studies reviewed, however in stud-
ies where it was tested, it was rarely detected in bottled water samples. In a
study of bottled mineral water in Brazil, only 6 out of 324 samples were positive
for enterococci," and in a study in Sri Lanka, only one brand out of 22 was
positive.j3 No samples were positive for enterococci in studies from Brazil
(Campinas), South Africa, Sri Lanka (Jaffna Peninsula), Pakistan (Karachi), and
Egypt." One exception was a study from Dhaka, Bangladesh, where 22% of
bottled water samples were positive for enterococci.
2.3.1.1.3. Along the supply chain
The microbial quality of packaged water products tended to deteriorate
along the supply chain. A study by Dada (2009) found that, of more than 100
samples of sachet products collected in Nigeria, 0% contained detectable E.
(2011); Denise de Oliveira Scoaris, Fernando Bizerra, Such Furnie Yamada-Ogatta & Celso
Vataru Nakamura, The Occurrence of Aeromonas spp. in the Bottled Mineral Water, Well
Water and Tap Water from the Municipal Supplies, Brazilian Archives of Biology and
Technology 51:5, at 1049-55 (2008).
50. Pontara et al., supra note 49, at 554-59; Scoaris et al., supra note 49, at 1049-55;
Esperanza Robles, Pedro Rarnirez, Elena Gonzalez, de Guadalupe Salinz, Blanca Martinez, Angel
Durin & Elena Martinez, Bottled-water quality in Metropolitan Mexico City, Water, Air and Soil
Pollution 113:1, at 217-26 (1999).
51. Falcone-Dias & Earache Filho, supra note 49, at 90-96; Falcone-Dias et al., supra note
49, at 556; Franco et al., supra note 49, at 205-07.
52. Obiri-Danso et al., supra note 35, at 334-39; Marthie M. Ehlers, Walda B. Van Zyl,
Dobromir N. Pavlov & Etienne E. Milller, Random survey of the microbial quality of bottled
water in South Africa, Water SA 30:2, at 203-10 (2004); M.T. Ogan, Microbiological quality of
bottled water sold in retail outlets in Nigeria, J. Appl. Bacteriol. 73:2, at 175-81 (1992).
53. Kassenga, supra note 22, at 179; Semerjian, supra note 28, at 275-85; Oyedeji et al.,
supra note 42, at 96-102.
54. Falcone-Dias & Farache Filho, supra note 49, at 90-96.
55. S. Sasikaran, K. Sritharan, Balakumar Sandrasegaranpillai & Vasanthy Arasaratnam,
Physical, chemical and microbial analysis of bottled drinking water, Ceylon Med. J. 57:3, at 111 -
16 (2012).
56. Franco et al., supra note 49, at 205-07; Ehlers et al., supra note 52, at 203-10; Sasikaran
et al., supra note 55, at 111-16; Amna Khatoon & Zaid Ahmed Pirzada, Bacteriological quality
of bottled water brands in Karachi, Pakistan, Biologia (Bratisl.) 56:1&2, at 137-43 (2010); Aly E.
Abo-Amer, EI-Sayed M. Soltan & Magdy A. Abu-Gharbia, Molecular approach and bacterial
quality of drinking water of urban and rural communities in Egypt, Acta microbiologica ct
imniunologica Hungarica 55:3, at 311-26 (2008).
57. Ahmed et a., supra note 48, at 97-103.
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coli, but this figure rose to 40% of samples testing positive for total coliforrns at
the distribution point and 45% at the point of sale.' However, two studies that
collected samples from the packaged water manufacturing facility reported high
percentages of samples positive for total coliforis - 47% and 83%, respec-
tively', although they did not compare to sachet samples from the point of sale.
A study by Biadglegne in Amhara State, Ethiopia, found that total coliforms
were detected more frequently in samples obtained from retailers than from
manufacturers or distributors.'
2.3.1.2. Protozoa
Protozoa, such as Giardia and Cryptosporidium, are more resilient against
traditional water treatment processes and are responsible for many diseases and
infections." In countries with regulations in place, monitoring of protozoa in
packaged water is often not included in required parameters. Only a few studies
have examined the microbial quality of sachet water with respect to protozoa,
and there is a wide variation in their results. One Nigerian study did not detect
helminth eggs or protozoan cysts in any of the 500 sachet water samples exam-
ined from Aliero and Kebbi States." Similarly, Ekwunife, et al. (2010) did not
detect parasites in any of 108 sachet water samples examined in southeastern
Nigeria.' In contrast, three studies reported 22%, 52%, and 77% of samples
were positive for protozoa." In regards to Cryptosporidium, two studies de-
tected at it in low frequencies (1 and 2 samples, respectively) in sachet water
samples.' However, a study in Accra, Ghana, reported 63% of sachet samples
were positive for Cryptosporidium."
Most studies examining bottled water reported a low to undetectable inci-
dence of protozoan cysts. A study of bottled mineral water in Campinas, Brazil,
revealed none of the 13 brands was positive for Giardia cysts, but two brands
58. Dada, supra note 25, at 15-21.
59. Okioga, supra note 32; Kennedy Addo, G.I. Mensah, B. Donkor, Christian Mensah &
Moses L. Akyeh, Bacteriological Quality of Sachet Water Produced and Sold on the Ghanaian
Market, African Journal of Food, Agriculture, Nutrition and Dev. 9:6 (2009).
60. Fantahun Biadglegne, Belay Tessema, Mulugeta Kibret, Baych Abera, Kahsay Huruy,
Belay Anagaw & Andargachew Mulu, Physicochemical and bacteriological quality of bottled
drinking water, Ethiop. Med.J. 47:4, at 277-84 (2009).
61. WHO, supra note 2.
62. Kalpana Sultan, S. Bagudo & Adamu Almustapha Aliero, Microbiological analysis of
sachet drinking water marketed at two sites in Aliero, Kebbi State, Nigeria, Cont. J. Microbiol.
5:1, at 29-36 (2011).
63. Chinyelu A. Ekwunife, Samuel 0. Okafor, Chinyere N. Ukaga, Nwora A. Ozumba &
Christine I. Eneanya, Parasites Associated with Sachet Drinking Water (Pure Water) in Awka,
South-Eastern, Nigeria, Sierra LeoneJ. Biomedical Research 2:1, at 23-27 (2010).
64. J.A. Alli, 1.0. Okonko, O.A. Alabi, N.N. Odu, A.F. Kolade, J.C. Nwanze, C. Onoh &
C. Mgbakor, Parasitological evaluation of some vended sachet water in Southwestern Nigeria,
New York Sci. J. 4:10, at 84-92 (2011); Abena Safoa Osei, Mercy J. Newman, J.A.A. Mingle,
P.F. Ayeh-Kumi & Mubarak Osei Kwasi, Microbiological quality ofpackaged water sold in Accra,
Ghana, Food Control 31:1, at 172-75 (2013); G. Kwakye-Nuako, P. Borketey, Israel Mensah-
Attipoe, R. Asmah & P. Ayeh-Kumi, Sachet drinking water in accra: the potential threats of
transmission of enteric pathogenic protozoan organisms, Ghana Med. J. 41:2, at 62-67 (2007).
65. Alli et al., supra note 64, at 84-92; Osei et al., supra note 64, at 172-75.
66. Kwakye-Nuako et al., supra note 64, at 62-67.
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were positive for Cryptosporidium oocysts." In a study of the water quality of
various sources in Uttar Pradesh, India, Shekhar, et al. (2011) found that all 26
bottled water samples studied were free from parasitic eggs.' A study of 84
samples of bottled mineral water sold in Alexandria and Cairo, Egypt, did not
detect Cryptosporidium in any of the samples, but 2.4% of samples were posi-
tive for Giardia cysts."
2.3.1.3. Viruses
Similar to protozoa, viruses are more resistant to chlorine treatment and
have been found in waters free from coliform contamination.7 A South African
study examined 10 bottled water products for calicivirus, enterovirus, and rota-
virus. The selected viruses were not detected in any of the tested brands.7 Sim-
ilarly, using molecular methods, Lamothe, et al. (2003) did not detect Norovirus
in 36 bottled water brands from various countries. In contrast, in a year-long
virus surveillance study of three European bottled mineral water brands, 53 of
159 samples tested positive for a Norowalk-like virus sequence.' Each of the
three brands had roughly the same percentage (30-36%) of positive samples.
No studies were found examining the presence of viruses in sachet water.
2.3.1.4. Fungi
Most countries do not require regular monitoring of fungal species, since
these pose little public health risk; however, fungi can cause issues related to
taste and smell and have been known to cause diseases in immuno-compro-
mised populations. One study in rural southwestern Nigeria reported 40-80%
of sachet samples tested monthly were contaminated with fungi, while two
other Nigerian studies reported three out of four brands and three out of five
brands, respectively, were contaminated with fungi. Fungi has been reported
67. Franco, supra note 49, at 205-07.
68. C. Shekhar, N. Joshi & Amardeep Singh, Physicochemical and microbiological analysis
of drinking water,J. Vet. Public Heal. 9:2, at 123-26 (2011).
69. Magda M. Abd El-Salam, Engy M. Al-Ghitany & Mohamed Abd El-Hady Kassem,
Qualitv ofBottled Water Brands in EgyptPartl: Biological Water ExaminationJ. Egypt Public
Health Assoc. 83: 5-6, at 468-86 (2008).
70. P. Payment, M. Trudel & R. Plante, Elimination of viruses and indicator bacteria at each
step of treatment during preparation of drinking water at seven water treatment plants, Appl.
Environ. Microbiol. 49:6, at 1418-428 (1985).
71. Ehlers et al., supra note 52, at 203-10.
72. Gilbert Thierry Lamothe, Thierry Putallaz, Han Joosten & Joey D. Marugg, Reverse
Transcription-PCl? Analysis of Bottled and Natural Mineral Waters for the Presence of
Noroviruses, Applied and Envd. Microbiology 69:11 (2003).
73. Christian Beuret, Dorothe Kohler, Andreas Baunigartner & Thomas M. Litthi, Norwalk-
Like Virus Sequences in Mineral Waters: One- Year Monitoring of Three Brands, Applied and
Envtl. Microbiology 68:4 (2002).
74. Id.
75. Gunbild H-ageskal, Nelson Lima & Ida Skaar, The study of fungi in drinking water,
Mycol. Res. 113:2, at 165-72 (2009).
76. Anthony 1. Okoh, Mufutau K. Bakare, Omobola 0. Okob & Emmanuel Odjare, The
culturable microbial and chemical qualities of some waters used for drinking and domestic
purposes in a typical rural setting of Southwestern Nigeria, J. Appl. Sci. 5:6, at 1041-48 (2005).
77. E.C. Okpako, A.N. Osuagwu, A.E. Duke & Valentine 0. Ntui, Prevalence and
significance of fungi in sachet and borehole drinking water in Calabu; Nigeria, African J.
Issue 2 281
WATER LAWREVIEW
in studies of bottled water in Sri Lanka ranging from 14-57% of samples," in
33% of samples in Argentina," and in 35% of samples from Maringa City, Bra-
zil." Penicillium, which has been known to produce mycotoxins, was detected
in sachet and bottled samples in two different studies."
2.3.1.5. Exterior surfaces of packaged water containers
Even when the contents of packaged water samples are free from patho-
gens, contaminated exterior surfaces may present significant health risks." This
is particularly true for sachet water packages, which users typically open with
their teeth and then drink by placing the corner of the opened package in their
mouth." One study by Egwari, et al. found that, while the contents of drinking
water sachets collected in Lagos, Nigeria, were free from E. coli and enteric
pathogens, their surfaces were heavily contaminated." Similarly, Ejechi and
Ejechi (2008) found that while only 27% and 6% of sachet water packages pur-
chased from street vendors contained total and fecal coliform contamination in
their contents, respectively, these figures rose to 100% and 47%, respectively,
for the exterior of the sachets.' As already mentioned, Ekwunife, et al. (2008)
did not detect any protozoa in the sampled sachet water, however they detected
Ascaris lumbricoides, Entamoeba histolytica, and Giardia cysts on the surfaces
of 5.6%, 4.6%, and 1.9% of samples.'
2.3.2. Chemical safety
Several studies performed chemical analyses of packaged water samples.
Although there are numerous chemical contaminants that can be present in
drinking water, this review highlights selected common contaminants, with par-
ticular emphasis on those of particular concern with respect to packaged water.
Table 6 contains results for selected parameters from included studies. In mul-
tiple studies, the pH values of some sachet and bottled water samples were
lower than the WHO-recommended range of 6.5-8.5. The pH values reported
in studies are not low enough to cause concern for public health, although they
could impact the effectiveness of treatment processes. Low values of pH can
also result in the corrosion of metal pipes and plumbing fixtures, which can lead
Microbiology Research 3:2, at 56-61 (2009); Martin E. Ohanu, Inickong P. Udoh & Clara I.
Eleazar, Microbiological Analysis of Sachet and Tap Water in Enugu State of Nigeria, Advances
in Microbiology 2:4, at 547-51 (2012).
78. Herath et al., supra note 29, at 160-64; Sasikaran et al., supra note 55, at 111-16.
79. Daniel Cabral & Virginia E. Fernandez Pinto, Fungal spoilage of bottled mineral water,
Int.J. Food Microbiol. 72:1-2, at 73-76 (2002).
80. Mirian U. Yamaguchi, Rita De C~ssia Pontello Rampazzo, Sueli Fumie Yarnada, Celso
Vataru Nakamura, TAnia Ueda-Nakamura & Benedito Prado Dias Filho, Yeasts and Filamentous
Fungi in Bottled Mineral Water and Tap Water from Municipal Supplics, Brazilian Archives of
Biology and Technology 50:1, at 1-9 (2007).
81. Ohanu et al., supra note 77, at 547-51; Cabral & Feindndez, supra note 79, at 73-76.
82. Egwari et al., supra note 45, at 240.
83. Id.
84. Id. at 239.
85. E.O. Ejechi & B.O. Ejechi, Safe drinking water and satisiaction with environmental qual-
ity oflife in some oil and gas industry impacted cities of Nigeria, Soc. Indicators Res. 85, at 211,
216-17 (2008).
86. Ekwunife et al., supra note 63, at 23-27.
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to leaching of heavy metals in piped distribution systems." Although this is not
specifically relevant to packaged water, it may be of concern as many producers
use piped water as a raw water source for manufacturing packaged water prod-
ucts.
Table 6. Selected chemical parameters of PW from included studies
N 1. 6 po qro I 11 .o. 1~ 10 Rd PW Sap pH TDS Fep Ar Cd4 Cr I o PCype Leation .5S 500 m/L L m&L 0 10 gWl 3 agfl 0 u 2fL /L
560 23.0 0.0 0. 0. 0-28.0 (124]Nigeria 30 SH POS 5460 0 01376,0 0 0.5 .35
Ghan 10 H POS ND ND [125]00,~n 10 H 005 020
Nigeia 41 S N/A 20 0.0267 2D67.5 -1.477 N400-3. (126]
Nigeik 24 S PWM 0.03- 010 ND 127]
0.23 0.3 1040ND- [27
Nigeria 20 S PWMF0 1.0 5 [128]
Miaa70 S 000 6.0-9.7 30.0- 0. 0.01. 0.3620 6.60 1.07 06 0-42.0 [129]
Nigeri. 18 S POS ND ND (130]7.5 1503 N 
Nigeia 15 S POS 65.78 4.7-22.6 0-0 145 00 0 131
4,4- 10-
Nigeria 60 S POS 6.6 0-1200 0-50 (132]
Nigeri 12 S POS - 133]
_____7.64 
Nigria 20 S POS 0 ND ND (134]
Glums 50 S POS 7.N2 430 ND ND (135]
GhMa 10 S POS ND ND (136]
Gha 12 Both PWMF 5.5-7.7 31-86 0.1-3.1 <0 01 <01 <0 ND <0-30 <-1 (137]
Jordan 8 B N/A 7.58' 26163' 8.14' 0.16 0.02 ND [138]
Elhiopia 36 B PW F 53-7.7 162-2190 0.7.7.9 03 [159)
Ethiopia 36 B Dir. 5.5-7.6 162-244 0.7-8.1 0[02 140]0.03
Egp 4 B PS 7.22- 0116. 0.18- 0.318 0.02- ND- 11Egypt1 84 B POS 198-43818[4]7.78 983 4.05 3.4 91 0.0 49 110,912
Nigna 10 B POS 6.3-7. 8 780- 0.0-1.5 00- 003- 3-43.0 (142]180,0 0.00 0.08
<1 x
Turkey 15 B POS 6.4 0.1-0.4 <01 0.7-1.1 41 [143]
________10-3
0.000 00O 02
T6.ky 70 B 6.07- 0.9-14.2 0 12- 01- 0.12- 0.29- 0.14- 0.02- 0.21-
T 7 B 9.16 0.69 0.048 0.047 30.63 1.34 6.4 0 6.7 0.32
88 06
Ethiopia 36 B POS 5.3-7.6 163-247 0.7-0.1 0.01. [145)
30__ B POS 4- 0.7-9 0 [.03
Sri 3 O 458- 0.7-.9 ND' ND- ND. 
- 16
30 kP0 7.2 ____ __0.44 0.1 0.04 ___ __ 16
87. WHO, supra note 2.
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0.000 0.0 0.21
PabMt~ 23 B P08 74-82 113.529 092 28- 0.18- 0.05- 0'1 4.6- 1.02- 170.000 0.005 0.56 5.23 z 43.65 7.5[7 4
04 58
Ira 75 B POS ND-1.6 [148)2.41 2.41 3.5 1 14
Ghana 10 B POS ND ND [149)
1r 0202.
66 B POS 4.1-7.6 11-123.7 0 [1501
5- C<0.00 01. 140 <1,. 0- <1.0. <10 5tldamt 64 B P06 47'3-200 4-382 <U83-0.6D02 <''02.5 .04 40 < 2. 3 10 11
Lehmon B IHH 7.7 196 12' 0.05' [152]
ND- nondetect. Paraneters left blank were not reported in the study.
SH- hand-tied sachet, S= sachet, B- bottled average value rather than range
PWMF- packaged water manufacturing facility, Distr.- distributor or wholesaler, POS- point
of sale, HH- households, N/A- location not reported
2.3.2.1. Sachet water
Few studies have reported levels of chemical contaminants higher than
WHO standards. One of the two studies that measured arsenic concentration
reported 35% of samples exceeded the WHO guideline of 0.01 mg/L, with
concentrations of 0.90 mg/L to 1.20 mg/L in four brands." However, the other
study reported all samples to have <0.001 mg/L. Three studies found 68%,
20%, and 12% of samples with lead concentrations higher than the WHO
guideline (0.10 mg/L)." Only one study reported fluoride concentrations of
sachet water samples above the WHO guideline of 1.5 mg/L, although the
mean concentration was 0.97 mg/L." The same study measured concentrations
of aluminum, cadmium, and cyanide above the WHO guideline as well (ibid).
Orisakwe, et al. (2006) also reported 19.5% of samples exceeded the WHO
guideline for cadmium."
Other studies have reported packaged water to have chemical concentra-
tions within international guidelines. Obiri-Danso, et al. (2003) found no sig-
nificant chemical contamination of bottled or sachet water in Kumasi, Ghana,
while Biadglegne, et al. (2009) found similar results in Ethiopia." Nsonwu, et
al. (2005) in Nigeria found all 20 packaged water samples were within the WHO
limits for lead and cadmium levels, and another Nigerian study did not detect
lead or manganese in 92 sachet samples.9 3 Similarly, all sachet water samples
were within the WHO guidelines for lead and the recommended aesthetic limit
88. M. Ogunlesi, W. Okiei, SJ. Adjogri & O.M. Oshinnuga, Physico-chemicalaindnicrobial
studies on sachet water consumed in Lagos Metropolis, Nigeria, Niger.J. Heal. Biomed. Sci. 8:1,
at 53-57 (2009).
89. Ackah et al., supra note 27, at 2120-27; Ogunlesi et al., supra note 88, at 53-57; Orish
E. Orisakwe, Innocent Igwilo, Johnson Afonne, John Moses Maduabuchi, Ejeatuluchukwu Obi
& John C. Nduka, Heaivvmetalhazards ofsachet water in Nigeria, Arch. Environ. Occup. Health
61:5, at 209-13 (2006).
90. Ajayi et al., supra note 6, at 251-58.
91. Orisakwe et al., supra note 89, at 209-13.
92. Obiri-Danso et al., supra note 35, at 334-39; Biadglegne et al., supra note 60, at 277-84.
93. Olaoye & Onilude, supra note 25, at 729-34; A.C. Nsonwu, C.A.O. Usoro, M.H.
Etukudo & I.N. Usoro, Cadmium and lead content of packaged water and water borcholes in
Calabar mnctropolis, Mary SlessorJ. Mcd. 5:1 (2005).
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(0.3 mg/L) for iron in a longitudinal study in Cape Coast, Ghana." Nwosu and
Ogueke (2004) found 15 sachet samples from Owerri metropolis, Nigeria, to
be within WHO limits for lead, magnesium, copper, and mercury.9
One Nigerian study that examined the level of lead along the sachet pro-
duction chain found higher levels of lead in finished products compared to the
source, revealing possible contamination occurring through the piping system.
However, all samples had lead levels lower than the WHO guideline value of
0.010 mg/L."
2.3.2.2. Bottled water
In a study of Egyptian bottled water, Abd-El Salam, et al. (2008) found
65.5% of the 84 samples contained concentrations of one or more chemical
parameters higher than Egyptian standards." Mean fluoride concentrations
were above WHO guidelines in two brands, and all mean lead concentrations
were above WHO guidelines, with a range of 0.020-0.049 mg/L. In a Turkish
study of 70 bottled water samples, only one sample exceeded the WHO guide-
line value, but the concentration of arsenic was found to be three times the
guideline value." Other studies have found all examined bottled water samples
to be within WHO guidelines for trace metals.'
Additional studies have demonstrated the presence of other chemical con-
taminants including polychlorinated biphenyls (PCBs), disinfection by-prod-
ucts, volatile organic compounds (VOCs), and pesticides in bottled water, alt-
hough most have found these contaminants to be within national and/or WHO
guidelines.'" However, one study by Alomran, et al. (2013) found 18% of sam-
ples exceeded WHO guidelines for bromate, a disinfection byproduct of
ozone.0
In Kuwait, Al-Mudhaf, et al. (2009) examined 113 bottled water samples
94. David Kwesi Dodoo, Emmanuel Kobina Quagraine, Frank Okai-Sam, DorsaJ. Kambo
& John Headley, Quality of 'sachet' waters in the Capc Coast municipality of Ghana, J. Environ.
Sci. Health Part A 41:3, at 329-42 (2006).
95. Nwosu & Ogueke, supra note 26, at 164-70.
96. E.E. Ilodigwe, C.E. Ojukwu. C.A. Agbata, I.S. Mbagwu & D. Ajaghaku, Analysis of lead
in sachet water production from thrce senatorial zones of Anambra State, Nigeria, Advances in
Applied Science Research 4:1, at 82-85 (2013).
97. Abd El-Salan et al., supra note 69, at 369-88.
98. Ciineyt Giller & Musa Alpaslan, Mineral content of 70 bottled water brands sold on the
Turkish market Assessmnentof their compliance with current regulations,J. Food Compos. Anal.
22:7-8, at 728-37 (2009).
99. Mahmood et al., supra note 30, at 185-190; Dimitrios Karamanis, Kostas Stamoulis &
K.G. foannides, Natural radionuclides and heavy metds in bottled water in Greece, Desalination
213:1-3, at 90-97 (2007).
100. R.O. Salinas, B.S. Bermudez, R.G. Tolentino, G.D. Gonzalez & S. Vega y Le6n,
Presence of polychlorinated biphenyls (PCBs) in bottled drinking water in Mexico City, Bull.
Environ. Contan. Toxicol. 85:4, at 372-76 (2010); Maqbool Ahmad & Ahmad S. Bajahlan,
Qudity comparison of tap water vs. bottled water in the industrial city of Yanbu (Saudi Arabia),
Environ. Monit. Assess. 159:1-4, at 1-14 (2009); Rey Gutiarrez, Salvador Vega, Rutilio Ortiz &
Beatriz Schettino, Presence of organochlorine contaninants in bottled drinking water from
Mexico City, Water Sci. Technol. Water Supply 12:4, at 470 (2012).
101. Abdulrasoul Alomran, Salem E. El-Maghraby, Anwar Aly, Mohammad I. Al-Wabel,
Zafer A. Al-Asmari & Mahmoud Elsayed Ali Nadim, Qualityassessmentof various bottled waters
marketed in Saudi Arabia, Fnviron. Monit. Assess. 185:8, at 6397-406 (2013).
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representing 71 brands for 54 different VOCs including trihalomethanes
(THMs).'" VOCs and THMs were detected in 93% of bottled water brands,
however all levels of VOCs and THMs were below the WHO recommended
limits with the exception of styrene. VOCs were found more frequently in water
samples packaged in polystyrene containers and increased in concentration dur-




The literature search identified only one paper examining the radiological
quality of sachets. Ajayi and Adesida (2009) measured the activity of 40K,
226Ra, and 228Ra in duplicate samples of 15 different brands of sachet water
in Nigeria.'" All samples exceeded the WHO guidance limit for 226Ra (1.0
Bq/L), and 93% of samples exceeded the WHO guidance limit for 228Ra (0.1
Bq/L) (ibid). The average estimated annual effective dose for all samples for
both 226Ra and 228Ra was above the WHO recommended limit of 0.1
mSv/year.m
2.3.3.2. Bottled water
Our search found only a few radiological studies of bottled water from
LMICs, none from Sub-Saharan Africa. Studies examined gross alpha activity,
gross beta activity, 226Ra, 228Ra, 40K, 232Th, 234U, and 238U. Two studies
examining gross alpha and beta activities reported all samples to be below the
WHO limit of 0.5 Bq/L and 1.0 Bq/L for alpha and beta activities, respec-
tively.0  One study of 40 samples from Turkey reported 5% and 18% of sam-
ples exceeded the WHO limit for gross alpha and gross beta activity, respec-
tively." The same study reported an average estimated annual effective dose of
0.31 mSv/yr, which was higher than the WHO guideline of 0.1 mSv/yr (ibid).
Fatima, et al. (2006) examined the concentration of 226Ra, 232Th, and
40K in 11 brands of bottled water in Islamabad and Rawalpindi city, Pakistan.
102. Humood F. Al-Mudhaf, Faisal A. Alsharifi & Abdel-Sattar Abu-Shady, A survey of
oigamic contamnnants in household and bottled drinking waters in Kuwait, Sci. Total Environ.
407:5, at 1658-68 (2009).
103. O.S. Ajayi & G. Adesida, Radioactivity in some sachet drinking water samples produced
in Nigeria, Iran. J. Radiat. Res. 7:3, at 151-58 (2009).
104. WHO, supra note 2.
105. C.A. Silva Filho, EJ. Frana, E.M. Souza, F.C.A. Ribeiro, T.O. Santos, E.E.G. Farias,
G.N. Arruda, J.A. Souza Neto, E.V. Honorato & C.A. Hazin, Radioactive risk evaluation of
mineral water in the Metropolitan Region of Recife, Northeastern Brazil, J. Radioanal. Nucl.
Chem. 295: 2, at 1215-20 (2012); Ignacio Divila Rangel, Hugo L6pez del Rio, Fernando Mireles
Garcia, L.L. Quirino Torres, Lourdes Villalba, Luis Colmenero Sujo & Maria Elena Montero
Cabrera, Radioactivity in bottled waters sold in Mexico, Appl. Radiat. Isot. 56:6, at 93.1-36
(2002).
106. Halim Taskin, Ilizir Asliyuksek, Ahmet Bozkurt & Erol Kam, Natural radioactivity in
bottled mineral and thermal spring waters of Turkey, Radiat. Prot. Dosimetry 157:4, at 575-78
(2013).
107. 1. Fatima, J. H. Zaidi, M. Arif & S.N.A. Tahir, Measurement of natural radioactivity in
bottled drinking water in Padistan and consequent dose estimates, Radiat. Prot. Dosimetry 1 23:2,
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For all brands, the average activity concentrations for 226Ra were well below
the recommended level of 1.0 Bq/L, with the highest brand average concentra-
tion being 0.015 Bq/L (ibid). Similarly, Godoy, et al. (2001) found the average
weighted values for 226Ra, 228Ra, and 21OPo to be within WHO guidelines,
however five and four samples exceeded the limit for 228Ra and 210Po, respec-
tively." In Egypt, Lasheen, et al. (2007) reported three out of ten brands had
average activity concentrations of 226Ra above 1.0 Bq/L, and eight brands had
an estimated annual effective dose greater than the WHO recommended limit
of 0.1 mSv/yr.'" However, all estimated annual doses were within the 0.2-0.8
Bq/L range for ingested food and water recommended by the United Nations
Scientific Community on the Effects of Atomic Radiation (UNSCEAR)."
In Kuwait, Alrefae (2011) examined 238U activity in 41 bottled water sam-
ples from 16 different countries."' 238U was detected in 23 out of 41 bottled
water brands examined, but none of the activity levels exceeded the WHO
guideline of 10 Bq/L for 238U (ibid). In addition, all estimated annual effective
doses from the samples were below the WHO guidance limit of 0.1 mSv/yr
(ibid). The study found 238U levels to be higher in bottled water from Europe
compared to bottled water from the Middle East, which highlights the im-
portance of regional geology in concentration of radiological parameters (ibid).
A study of 234U and 238U activities in 10 bottled water samples from Tunisia
found all uranium activities to be below the WHO guidance levels as well as the
estimated annual effective dose for all samples."'
2.3.4. Safety of packaging materials
Several researchers have reviewed the materials used to package drinking
water. Few studies have examined polyethene (polyethylene) plastic, which is
widely used for sachet production. One study in Southwestern Nigeria found
that 65% of packaged water sachets purchased in that region were not made
from food-grade polymers." While toxic chemicals are used in the production
of high-density polyethylene (HDPE) and low-density polyethylene (LDPE)
plastics, a study by Fordham, et al. (1994) showed chemical residue migration
from plastic packaging into food stimulants to be below the limits recom-
mended by the European Community Council Directive."' A Chinese study
at 234-40 (2007).
108. Jose Marcus Godoy, Eliana C. da S. Anaral & Maria Luiza D.P. Godoy, Natural
radionuclides in Brazilian mineral water and consequent doses to the population, J. Environ.
Radioact. 53:2, at 175-82 (2001).
109. Yasser F. Lasheen, Ayran F. Seliman & A.A. Abdel-Rassoul, Simultaneous
measurement of Ra-2 2 6 and Ra-228 in natural water by liquid scintillation counting, J. Environ.
Radioact. 95:-2-3, at 86-97 (2007).
110. UNSCEAR, SOURCES, EFFECTS AND RIsKS OF IONIZING RADIATION (2012).
111. T. Alrefae, Investigation of 238U content in bottled water consumed in Kuwait and
estimates of annual effective doses, Health Phys. 102:1, at 85-89 (2012).
112. F. Gharbi, Souad Baccouche, Wahid Abdelli, Mohamed Samaali, Mansour Oueslati &
Adel Trabelsi, Uraniun isotopes in Tunisian bottled mineral waters, J. Environ. Radioact. 101:8,
at 589-90 (2010).
113. M.O. Edema, A.O. Atayese & M.O. Bankole, Pure water syndrome: Bacteriological
quality of Sachet-packed drinking water sold in Nigeria, Afr. J. Food Agric. Nutr. Dev. 11:1, at
4595, 4600 (2011).
114. Peter J. Fordham, John W. Gramshaw, Helen M. Crews & Laurence Castle, Element
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found that bottles of water made from polystyrene (rather than PET, the poly-
mer most commonly used for bottled water containers worldwide) frequently
leached styrene and other organic contaminants into the drinking water." A
study of packaged water stored in PET bottles in Lebanon did not detect or-
ganic contaminants at levels exceeding WHO guidelines."' However, an Italian
study of 12 mineral water bottled in PET found contamination of genotoxic and
carcinogenic compounds as the water was stored over a 9-month period."'
2.3.5. Safety relative to alternative sources
Although much of the literature focuses on the risk to consumers from po-
tential contamination of packaged water, other researchers note that the use of
one source of drinking water typically displaces another alternative sources, and
that relative health outcomes are dependent on the risks associated with both
sources, not simply with packaged water. Results from studies that compared
the water quality of various drinking water sources including packaged water
were compiled and are set out in Table 7.
Table 7. Comparison of microbial quality of drinking water sources to packaged water
(PW) from included studies
Location Source type (N) Results PW sample type Results Ref-
(N) er-
- enice
Brazil Tap water (96) 3% TC New 20-L bottles 23% TC [153]
3% FC (22) 5% FC
0% E. coli 0% E. coli
40% TC
Installed 20-L 10% FC
bottles (77) 6% E. coli
Brazil Tap water (60) 5% TC 20-L bottles (60) 20% TC [154]
0% FC 0% FC
Brazil Tap water (167) 9% TC 20-L bottles (47) 15% TC [155]
2% FC 0% FC
Well (24) 42% TC
17% FC
Egypt Tap water (35) 0% FC Bottled (25) 0% FC [156]
0% E. coli 0% E. coli
Hand pumps 1.2 x 103-3.2 x 102
(15) MPN/100 mL FC
residues in food contact plastics and theirnnpation into food simulants, measured by inductively-
coupled plasma-mass spectometry, Food Addit. Contain. 12:5, at 651-69.
115. Ahmad & Bajahlan, supra note 100.
116. Layal Al Rayes, C.O. Saliba, Aline Ghanem &J. Randon, BTES and aldehydes analysis
in PET-bottled water in Lebanon, 5 Food Additives and Contaminants Part B: Surveillance, 5:3,
at 221, 224 (2012).
117. D. Biscardi, Silvano Monarca, R. De Fusco, F. Senatore, P. Poli, Annamaria Buschini,
C. Rossi & Claudia Zani, Evaluation of the migration ofmutagens/carcinogens firm PET bottles
into mineral water by 7radescantia/micronuclei test, Comet assay on lcukocytes and GC/MS, Sci.
Total Environ. 302:1-3, at 101-08 (2003).
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Iran Tap water (100) 14% TC
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Nigeria Private 28% TC Sachet (500) 22% TC [1721
borehole-taken 6% FC 5% FC
at tap(100)
Public tap (100) 62% TC
18% FC
TC - Total coliforms, FC = Fecal coliforms
MPN - Most probable number
range reflects results from two analytical methods used in paper
'range represents results from two different sample locations
8results given for brands, not samples
The results from comparative studies revealed bottled water was of better
microbial quality than other available drinking water sources (municipal sup-
plies, wells, or handpumps) in 11 of the included studies." There were a hand-
ful of studies that found bottled water to be more contaminated than other
sources, but interestingly the majority of these studies were from Lebanon."'
With regard to large 20-L bottled water, three studies reported a higher propor-
tion of 20-L bottles contaminated with total coliforms and/or E. coli compared
to tap water, but all of those studies were from Brazil.'"
Results for sachets were mixed, with four of six studies showing sachet water
to be of higher microbial quality compared to alternative sources. In most of
these studies, however, the proportion of contaminated samples was high for all
water sources. In one study from Ghana, sachets had the highest proportion of
samples positive for protozoa compared to tap water and bottled water."'
With respect to health outcomes, Stoler, et al. (2012a) found that families
in Accra, Ghana, using packaged water as their primary drinking water source
reported lower levels of childhood diarrhea than those using other water
118. Massoud et al., supra note 21, at 3093-102; Kassenga, supra note 22, at 179; Abo-Amer
et al., supra note 56, at 311-26; Osei, at al., supra note 64, at 172-75; Shekhar et al., supra note
68, at 123-26; Hassan Momtaz, Farhad Safarpoor Dehkordi, Ebrahim Rahimi & Amin Asgarifar,
Detection of Escherichia coli, Salmonella species, and Vibrio cholerae in tap water and bottled
drinking water in Isfahan, Iran, BMC Public Health 13:1, at 556 (2013); Hamdollah Moshtaghi
& M. Boniadian, Microbial Quality of Drinking Water in Shahrekord (Iran), Res. J. Microbiol.
2:3, at 299-302 (2007); Serpil Gonul & Mehmet Karapinar, The microbiological quality of
drinking water supplies of Izmir City: the incidence of Yersinia enterocolitica, it. .1. Food
Microbiol. 13:1, at 69-73 (1991); Nusrat Yasin, Noureen Shah,Jafar Khan, Noor Us Saba & Zia
Khan, Bacteriological status of drinking water in the pen-urban areas of Rawalpindi and
Ishunabad-Pakistan, African J. Microbiol. Res. 6:1, at 169-75 (2012); W.M.G.C.K.
Mannapperuma, C.L. Abayasekara, G.B.B. Herath & D.R.I.B. Werellagama, Potentially
pathogenic bacteria isolated fiom different tropical waters in Sri Lanka, Water Sci. Technol.
Water Supply 13:6, at 1463 (2013); Terumi Oyama Fuzihara, Beatriz Pisani, Marise Simoes,
Berenice Mandel Brigido, Christina Leopoldo e Silva, Lficia Vannucci & Kioka Arioshi, The
occurence of Aeromonas in drinking water, Rev Inst Adolfo Lutz 64:1, at 122-27 (2005).
119. Massoud et al., supra note 21, at 3093-102; Shiraz Hassan Basma, Conplementary
Water Sources in a Selected Urban Area in Beirut, Lebanon: Public Perceptions, Regulations
and Quality, Thesis (Masters), American University of Beirut (2004).
120. Scoaris et al., supra note 49, at 1049-55; Yamaguchi et al., supra note 80, at 1-9; Marie
Eliza Zamberlan da Silva, Rosangela Getirana Santana, Marcio Guilhermetti, Ivens Canargo
Filho, Eliana Harue Endo, T^nia Ueda-Nakamura, Celso Vataru Nakamura & Benedito Prado
Dias Filho, Comparison of the bacteriological quality of tap water and bottled mineral water, Int.
J. Hyg. Environ. Health 211:5-6, at 504-09 (2008).
121. Osei et al., supra note 64, at 172-75.
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sources.' The authors associated this finding with packaged water use disrupt-
ing disease transmission via contamination of unsafely stored drinking water in
the home.
Il. DISCUSSION
3.1. PREVALENCE OF PACKAGED WATER CONSUMPTION
Given the widespread use of packaged water in developing countries, the
importance of quantifying health risks from this source is extremely high. In
order to accurately understand the health implications of this exposure, it will
be important to gain additional information about the distribution of packaged
water users among and within countries, the frequency with which users con-
sume packaged water versus water from other sources (while also examining
variations among users as a function of age, socioeconomic status, and other
factors), as well as the extent to which users consume water from a single brand
versus many brands. In addition, further research is needed to determine the
extent to which users consume water from a single brand vs. multiple brands.
As the scale and prevalence of packaged water consumption, particularly the
use of sachet water, continue to grow, it may become an increasingly important
factor in modulating the exposure of populations to waterborne diseases.
3.2. HETEROGENEITY OF WATER QUALITY FINDINGS
The findings of studies investigating the quality of packaged drinking water
samples depict a complex landscape. Many studies found aerobic bacteria (via
HPC) and total coliforms at high frequencies in samples, while E. coli and fecal
coliforms were detected infrequently in most studies. Some of the variability in
findings may be explained by the diverse range of methods used to detect con-
tamination in packaged water samples, particularly in the case of bacterial con-
taminants. Methods varied in terms of the media used, the method of incuba-
tion (spread plate, pour plate, membrane filtration, MPN (most probable
number)-based liquid culture methods, etc.), and the volume of each sample
processed. Furthermore, many studies did not adequately report their meth-
ods, making it impossible to determine how results were obtained. In addition,
few studies reported proper handling and transportation of samples or the use
of quality assurance, quality control (QA/QC) methods such as duplicates, field
blanks, and laboratory blanks. The lack of proper handling, transport, and
QA/QC methods means the results of included studies may have overestimated
the percentage of samples positive for microbial contaminants. Other studies
aggregated their results by brand, making it impossible to determine the fraction
of samples that were contaminated. These factors likely contribute substantially
to the variability of findings. In addition, studies performed in different geo-
graphic regions, settings (urban/rural) and different years are liable to capture
different packaged water quality conditions.
Of the chemical contaminants examined in this review, the results tended
to show that packaged water products had concentrations within international
122. Stoler et al., supra note 16, at 250-62.
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guidelines, although there were some studies that reported levels of arsenic, flu-
oride, and heavy metals including lead that far exceeded WHO guidelines.
However, overall there were few studies that reported very high concentrations
of these parameters. Other chemical contaminants such as PCBs, VOCs, and
pesticides have been detected in packaged water, but these were typically not at
concentrations exceeding WHO guidelines. The variation in the level of chem-
ical contaminants may be a result of geographic region, since some geogenic
chemicals are naturally occurring. Similarly, the mixed results of radiological
contaminants can also be attributed to the differences in geographic regions.
Despite the many sources of variability among and within studies, some
conclusions can be drawn. Taken as a whole, the results of the included studies
seem to suggest:
* Significant contamination of packaged drinking water with hetero-
trophic bacteria and total coliforms occurs in developing country set-
tings.
* Microbial contamination with respect to total coliforms, fecal coli-
forms, E. coli, and enterococci appear to be greater for sachet water
than bottled water. Larger bottled water products were more fre-
quently contaminated with total coliforms than smaller bottled water,
which could be due to manufacturers conducting insufficient cleaning
and disinfecting of re-usable bottles.
* Contamination of packaged water by fecal indicator bacteria such as
E. coli and fecal coliforms is much less widespread than contamina-
tion with bacteria of unknown origin.
* Microbiological quality of packaged drinking water tends to deterio-
rate along the supply chain between the point of manufacture and the
POS.
* While there is wide variation in the results of studies examining proto-
zoan cysts and helminth eggs in sachet water, the high incidence of
parasites in some studies supports the need to include testing for pro-
tozoa and helminths in monitoring schemes. Small protozoan stages
that are resistant to disinfection and filtration are of particular con-
cern.
* Little research has been done to assess the presence of viruses in sa-
chet water, while bottled water has been shown to be contaminated
with viruses on occasion.
* The exteriors of drinking water sachets sold in developing countries
are frequently contaminated with fecal indicator bacteria.
* Chemical contamination of packaged drinking water occurs in
LMICs, but this is not a common problem in all regions. Although
only a few chemical contaminants were reviewed, concentrations of
arsenic, fluoride, and lead were higher than WHO guidelines in some
studies, and on rare occasions at very high levels.
* Source water used in production of packaged water should be tested
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regularly to determine if chemical contamination is of particular con-
cern and if specific treatment methods should be employed. In addi-
tion, end line testing should be performed regularly to determine if
treatment processes are effective and to ensure that additional chemi-
cals are not entering the water through production processes.
* The extent of radionuclides in sachet water has not been widely stud-
ied and remains an unknown risk. Radionuclides have been detected
in bottled waters from low income/LMICs, however these levels vary
across geographic areas and should therefore be examined locally to
detennine if they are present at levels threatening public health.
* The impact of packaging material on the quality of packaged water re-
mains unknown. While additional studies are needed to determine
the possibility of chemicals leaching into product water during storage
and in various environmental settings, priority should be given to ex-
amining the quality of packaged water in regards to parasites and
heavy metals (such as lead).
* Relative to other drinking water sources, some forms of packaged wa-
ter may be safer with respect to microbial contamination.
3.3. HEALTH IMPLICATIONS
The results of the included studies suggest that although packaged water
may present significant health risks, it is likely safer than alternative drinking
water sources in many LMIC settings. However, countries should still be con-
cerned about health risks from pathogens, particularly organisms such as para-
sites that are rarely detected in routine water quality testing. Even though only
a few studies reported concentrations of arsenic, fluoride, and lead exceeding
international guidelines, exposure to high levels of these contaminants over long
periods can lead to detrimental health effects such as various hypertension neu-
rodevelopmental effects, fluorosis, skin lesions, and cancer." Therefore, these
contaminants should be monitored on an annual basis to deternine if they are
present at levels that could cause health problems. Furthermore, radiological
contamination may be a concern in settings where contamination of water sup-
plies by radioisotopes can occur. Finally, the effects of packaged water use on
the volumes of water used by families for drinking, washing, and bathing may
have important health implications, and these should also be considered.
3.4. REGULATORY IMPLICATIONS
Governments seeking to regulate new and existing packaged water manu-
facturers will face significant challenges. With the advent of affordable turnkey
packaged water production plants that can easily be purchased by any individ-
ual, it may be difficult to track the large number of producers manufacturing
water in bottles and sachets. Furthermore, developing country governments
may not currently have infrastructure in place to regularly monitor the water
quality of packaged water products. Since the cost of such monitoring is high,
governments may wish to focus on those contaminants that pose the greatest
123. WHO, supm note 2.
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health risk in terms of likelihood of exposure and severity of outcomes. Policy
makers may therefore opt to focus on microbial contamination, which seems to
occur with greater frequency than chemical contamination, and with fecal bac-
teria such as E. coli, which are more closely linked with human fecal contarni-
nation than other indicators such as HPC and total coliforms. In monitoring
the chemical safety of drinking water, governments may choose to monitor a
few key parameters, such as arsenic, fluoride, and lead, for which high concen-
trations could trigger follow-up testing for a wider range of contaminants. Sim-
ilarly, baseline testing for radiological parameters should be done to ascertain if
regular testing of key parameters should be required.
In addition, regulators will need to consider some framework for enforcing
the registration of manufacturers, the proper labeling of packaged water prod-
ucts, and the regular inspection of facilities. Compliance with labelling require-
ments has been shown to be a problem in a number of countries. Clear com-
munication of labelling requirements and producer training could help improve
compliance.
Although there are concerns over microbial, chemical, and radiological
quality, packaged water continues to provide drinking water to households that
are often unable to obtain water through municipal supplies due to service in-
terruptions or lack of an at-house connection. As studies have shown, other
available drinking water sources can often be more contaminated than packaged
water. Therefore, as regulators strive to safeguard public health, it is advised
that packaged water products be seen as an important source of drinking water
to disadvantaged households-and one that has the potential to provide health
benefits where other sources are frequently contaminated-rather than an in-
dustry to be suppressed or condemned. Progressive improvement in the regu-
lation, monitoring, and safety of both packaged water and other drinking water
sources remains critical in many LMICs. As Fewtrell and Bartram (2001)
acknowledge, in many LMICs many consumers do have not have access to
many water sources that meet WHO standards.m' For that reason, these experts
recommend policy makers set progressive intermediate goals rather than em-
ploy strict enforcement of regulations that could condemn relatively good
sources, thereby forcing consumers to resort to even worse drinking water
sources.
IV. CONCLUSION
The packaged water industry is growing rapidly throughout the world, par-
ticularly in developing countries. In many such countries, this expansion is oc-
curring in the absence of meaningful regulation and monitoring. Nevertheless,
the overall chemical and microbiological quality of packaged water products
appears to be relatively good, and in many cases may be better than the quality
of drinking water available from other sources. In addition, where continuous
supply from an improved source is not available, households consuming pack-
aged water as their primary drinking water source may experience improved
health outcomes relative to households drinking water from other sources.
124. Lorna Fewtrell & Jamie Bartrmm, WATER QUALYTY: GUIDELINES, STANDARDS AND
HFALTH: ASSESSMENT OF RISK AND RISK MANAGEMENT FOR WATER-RELATED INFECTIOUS
DISEASE (2001).
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However, the high frequency of microbial contamination in sachet water prod-
ucts suggests the need for improvements in production processes to ensure that
packaged water is safe for human consumption.
In addition, contamination with microbial, chemical, and radiological con-
taminants remains a serious concern, and additional efforts are needed to en-
sure consumer safety. New research should consider the safety of packaged
water with respect to viral and protozoan pathogens and radionuclides, as well
as typical bacterial and chemical contaminants and indicators. Future regulatory
efforts may be hampered by the low barriers to entry for packaged water pro-
ducers, but should focus on regular monitoring of fecal indicators such as E.
coli, in addition to any other microbial, chemical, and radiological indicators of
concern.
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